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j>£jJI j h<II Jtlu/Vl .SJoUa ^ijjjJI i^SU ((iajjj,! <<JLc» 5J ...I.- , 

4j^Ij j-*Lij j a^ <J>c i Ly jJsLLI l ^jijLo 12 j, fl ijjjil <Lij£. i^JJI I J^j jlj 3 

joiu ^ j^Lill -iljJJ 3nmliill ^Lujjj (j^o lju>-lj <jl£ (_g JJI jji^ll (Ja-ljJIj 

(_,"*»• j 1 1 j ^^xjjI^VI «jjj <f i^-^I'j 4j<lt!l ajj $>. ojjL>o i^yjjjJI j«_JL«JIj 

^i «L2j^is IjO ■ ■■ (JJ JJI 4jJU^aj tfjuxi^j ,^9 JUJulII «Ot Lg J_^a t-j >. m$ jjl 

Ja-jJI jjlS (Jj i (JJ __^>jJI I Lkaoae a L y^ ^jjjjJI tc .ul tr\a ,JL*_iIilj jL>JI LLuejJI 

SjjIj (jr 3 d uuLi (^^Ajjii jl < Jin" 1 1 j ' a — j Vl *jjj ' ***.' (j- .^ — < *-^' ^ *-^J ~~ 

4jjj^. ** tia j i ' Ij ■"• ■ ■* -J ulS i ■■ all 4-lCIJ 4 i_uju ^jjq jjjuat3 *«4jlai^JI jlj ■■■!» 

ajjj ^^ j "■ 'J i4jl JL>JI 7"Ljj Cri^^' f ""' T * ' P^J UV i^" 3 J ' ^ *j I k" ' ^ JLl^ 
<_yl^ <_i-il jjl (JLjaiJ! l ^c ' aSj (jSu («i^ i«u»iW1l j j*v ii" 1 1 )) jj jj j j i\ 1 1 J_yJojJI 

<jjj-jIo Lg_Lsj1 j-j-J' «tjl i ' n^ >' 4 «,LdJ» \ ua <cL* uij ■ fl£j j! 4«L1jLlLq '»^ 

iOj l-*<ll (4-LaJI tliljL»oLj Qj'Jfj" ' "Jj '(_y- l ^ 5 Ll'-J U_ , - 5 _* , y (j-*^ cri/^' I i t n" -r a ( _ y i 

l k f Tl (JJJS j— « "(j «j-I! I— AJjL»vJ j jr _ jjl 3j_«L>Jl i"iljl» ."-II JjJjjj (jj ii"i S^j 

<jjjjl lililjl i^jbejJ ^yS - 4i,ni'i O^jJI ^ - (jjljjj jSj («J US ■^ ) -^--" Vj 
jjj^-Lc jl ^[j^jLc ;<__)jji]l ^yi <Lu jl «4jiL2jJI jj ■*■■ a 1 1 ii jjja ^ iii * dl a^j ' ■" ■ ■" 
. LsjJij riflfl-v j 8jl uaj. i"i ij j_ T HJI <jiii>JI <LujjiJI iaLSiJI (jL^cl (jisji- ( j^ 
4j^jj jJJ-C. («1»J 7t 1 1 ii'ij . 3j j"i*\ 1 1 Ajj'viill 4$jIjl« (^ ijjjSLII JuljJI jj^-i aJj 
(j-UjL>J.I j i ir-i jj-a ^ jjS 1 1 j j"i^ 1 1 J-*-*;; lilljlS (jlS jjj ..US'a j^lj (Ji^J 4XoLi 

i4j>2I j^iaj (J->-l (jj» ujLosj if<iUI! 4_lCiJj njitii Ij-i^sLLa 1 1 <ijt-ir Laj mlj^ 
<Lt£lj_>Jl 5j V-v i 1 1 jjja ^V^ uj " "' ^ j J*^ ii" 1 1 ^J 1 i" i in jjLLa Jiri'ii .mi lj r~i i aj 
jjj« ljL>.l^ <bUJu ' alaj «4Jijjii.i (<jJLci) <U ■■■! ■ ■■ j^ LiJLa itc—jjUIj <j ■>- j 1 1 

jjLi) ^ JjVl LaiJjLC. 3^°! JJ- 9 ^ 'j' ' ""' ' " " J^ CT^' '4li.it. nil (j j " 

LULc r l->.jT. aj Uj,-,^<lt LjaLSj l^^xa ^ L^ixjj^tfl i4__jLsj L; ^_l>. 1 1978 

4jJtlll j^uillj a; ij i«-)jJt iaLSillj JJLJJI roixll j mi ij .j^ji JS Jjl i j j, j*C II ( _ 7 j^jlII 

.^ui^i^^j.j^Jli^ji 
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LaJ3 ilia, (^sj^l w ^ <*UI 5 liii- (jj£j 

*£.jJI (ji^-J •« I CJoa j_jS[j jl VI til Az. 

ojI£ 4jIjlJI ^ jl ^Vl ol£.l^jl jl jj 

SLo-JI i^-Sa^io * ( Ulrt" *_a 4 . ...1 "a *i U 

J}L>. OaIsLu J o£ <iiil j jT 3 mijaIIj 

CJ$». JJl\ ijj jUI 4 jflnntl Jjlj_5_JJI 

L^uLtui ^ylc Ijljj iaJLlII (^ jj^aVI i^>*jo 

Jjj (^1 («JL«JI >— = j ii .Vi ^^ia v_>jJtil Tj-i^- 

. 4 1 iXljllI i_j^Jj>JI JjJj) i4jjjjl jl i ■"■!! 

: JLS (j'O- I *•»• a ",J" *^* (*^J" O" ' a J S jaltl l -L>L=t/Vl ^3; ^a^u,, 

^IjjL«j VI . I n r„ J—x£ V a^L-^VU ^. ) _j Lh -4 ' n -, t \,\" (t _j[ M j\ j 3J 

f^.ir. [V jJI jLJLuJI, ,L£J) ,>— cjuII :L * jUl >>jUJ ' '"-^^ 

(" ' U: J »-^uij jijaji U2 *-•***' L^jij-.c-.n ,«i I-. - ..-.-,1 

J^Utl .^jtlj >l.tl Ij'.l.l :-a : S.tl ^^UI^Liil^i^J.1 

Ic^jk^ Cjlcl '[i^ll » j <i-fc. ^£ 

3^aL*JI jlj_flVLa .,^1 ujyi a 'S-.tl ^ «-it tUiL-Vl ji^ V ui* 
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L^£_L±il 4 j j ^ ."* J •" L*jL«3 OJ ''T13 ^-*L»J' I ftLipj "II lIsI LaLaitil 

■■*-! ^Ctl j Jl£JI d_i£. . .j« i (_ys-J Jj-*-o '"' ■ "jl 4^^L>JI (^jljLjojj £j"*j"^»l I j 
^jjiLa^jii vjUj jjx. j-aC- Lo (Sj-ilJJj r'LflSjLj t-j^ajO ^^.l Juj j~j£Loj ^ * (Jj 
ljt£>. djLU (y9 99j L0L4JI 4 jUI tjji 1 (jj* <UjJujl]|» JLJ9 (ji*. «(jj "<Jjt 

<GLls- liJ^j ( _ t 3 (jLuu jI IJu iduiu <LLuj i_aVl ■*«_' (jja V">^ L* JlLo 

jJLa d ^ 1" ^ * i"iVI ■»■ a ^^ 3jLl<3J>JI ,t i 1 ri> ^Jj <L>ol_a . 4-Li-i uuJ I 4__ijl JLjJI 

g h'itU J>>>J ' IJ^ 4-rj'nj .LiLlj j-i^-j (2>^l uJLI JLij ijJJ L^J^'j ^C-lj>JI 

L-g^Sj*. I < <i"tt a j ■ «_il t UjI JU 1 1 0" -r a d ijS {jj> LjjJls. Vj»d lO -^j" 

(JAJiaillfl r* k- 'I' £j&^_uj I jL^I j A a. . i 

jj^aL>JI LoSj ^j jjic «j| uJI (j^ill 4jL$j J-Loj .i_aljx.VI ;j-« Vju 

^ j mi'M ((Revolution 5jj_j» - iu,^* ^j^ u,l ^ ^1 uuVI i_ib 

^j ~. . 1 1 jS All cjL>-jJt>j (jA <A»-llllj '* i"-» 1 1 |jr ^ SjjJlsJI ' " ■ » j — ~ 1 1 
.SL^JI yjJ^i J£ „ <n ^ JJI ^^^XUI £_! JuVlj jl£_iVI ^ J— WlII 
JJjJI 4-C.I_Lu3j JuJlj>JI 1 'K mil kljIjLLaSj 5-jjlitjJI ol£JjJLl Sjjii ^ I*jlj 

t4jaj^jl I J"*-J'j '^"I'j ""*' Ajl*ttj CjLi uiL^JI Sj^jj £L£jjI ft i*lj i_u_L]1_d 

^jL>JI (JJ-5JI 3j_J— J» -I l_3jJU £JUJUk- 4 J^J^J ' *J_P "J-7"*'.' Ij— oi-lj 

. jjLUI 'j-*-jlj'^~ (jfikj '"d>£^ "i«nj 
VI ,j^ (J djiUill a-ia.^Jjji'v'll Cjljj—UI t*ll3 (jl ^ i^JI i i-»i o-Jj 

^ 1 ' ' "II 4jj (*-»U jOjLiar»JI jj^ JS L^AjjkLLo %_u-uj3j L^jLcjJj L^jj ^^ 
4jajl>VI (jlsLJll (jjl 4jjjjlII iflJaJll (Jjj *ixll (jLs^L JLLal J^J .AjjjjlIIj 

ft_aa . (jiajj.1 j jJ^jJI j j * '" 1 1 j p 1 1^ 1 1 j A^UaJI I * 'I L^JtjjLj (j^ 4£JL>. 

a525 j»L«JI Jjjo tf^JiiJI ^^ Ljoj^I ur^- '~('ij* (_H-N iA^UaJI jj '-^^ pLiiiil 
4j (Jjlj ^jjl Lia;^ ^ Lj-yjJI r!M-^VI jj^C |JL) .j»1500 aLiJI ^ *-^J 



■*•■_■ '— lllj aLlJI l^aij^ 3 



ft /t\.\$y i_^& j nir «_iLjJI (jj-aJI _>**'j* ■J-*' Wjjj' u^ *L*Ll!I j-*j ul _L9j 

Hjl uijMJ ^lattl rlj-lJI w ^** 3,U"nl,l 4ja "ill ffjjslf liltju Ijftujl i^jkjjjlajj 

i—iLajJI jj-a CijLc (j 111 SjLaJ! ij'jJj u * \)^' ''"d ' 3j^*^' LJ— '! l£ j ' ' *■'' 

(_yi ,_yJj V I 4^1 iir-ill ajjiJI OjjLs _lSj . (jj^ 3 *J "^ £U&*I SJjjio 4jioj ij^iS 

iclinaj 3jjlit±JI v^jISj >JJ 4Akjl i.-.lVjl i-,j-». . 1780 aUJI (^JS ' j'-'Kj. 1 



1 840 >UJI ^ of jli i.-.j-v i L«Lc 60 3ju» LlojI '~'j i"--i SjjIj Sjjii 3j_ji!l » Ju» 

4x.Uj-a (jj* 31>L»£. 3 cLiua ilLl jj SjJojs JUJlsJI liK uJI JLstAJ .-..V.^lj 

i JIjjoVI ^j-jjlj 3 j n ill jLxaJI ^jLuaj^VI JJJjII 4j <jl£ Lcj» n.ilmllj J—iJlsJI 
Lullaj^j L7 l£. I^S^v Sjjill <sjut (jSj j«Jj . s Ijjji JL>. t _ 7 ic ^^ .".Ml tiji "II (_yBj 

. LiJLLlj Ltuj^fl Lgjja ijj^>.l 4ojjjjI Jjj Iaj j •* ii" j^yis oijLi ^Jj niaia 
Jjjjs ^ SjLjj i»*i 3 ijk-H 3_L>.jJj)i < v"ill oljjlll jl ^ <jJ li V$ 

i-.l ...Ij . ,tlj (J^uljJLlLi fl uJajJ.1 nJLilcl Juil 8. CjLtljji-Vlj lLjIjLSJuVI TtIjJJ 

t^a-^aJjJlSL'ill £j-J4>)N I J-* l? j ' 1 JJ '.3-i^^rtll 4-iSLl[l jj Lv SjUjkJ 3X»lSiI,l 

loUz aLlII ( _ 7 3 (jjjjL) aJubLta j»ljjj JukJ <LusL>. j iSuJI oljjJ '-4^ Lx'i 
4jLci Jjlj d^SLs CjLkj **• " j i" uuj iSllsej jjl ^^ (jLouj! 4jik.l Cj_tSi ,jjil 

4jL«j>- (j-ul^ /ojjkLu ij t^pj <uLtAtt 2jl _t_J! 3J}J-«j dU j (jLSj <3 jl^«ll 

.^l^iiVI oUI^jj 3j^l 3^UI 

4j£,LluaJI Sj^ill l^JI cJ-uaj ^,111 « ■ -"II 31>.jji Jl*j 1900 aLaJI SjjrStJ} 

cjLVjJI j^j Lyx, 3j<- 1 ',,^11 i-iljj ~,ll jj-»v. ^j if s^JLI a J-A J Sj '"■'» .3 jjIUI 

Cjlj^iJI diJj l^j'q r>*J (^IJI JJ_)I^I <^3 cr^J^" 5 jll Juu U^a .3jSLjjjiV| Jjjfcjil 
CjVlJe-ci 4jJLi!I SjjjJi '"■ ■ -»"■■■■ I j . <Luojj2l 3jL_2JI (jljJ-i (j^. ij-uu 4j£.Lu^aJI 

ojI^ lijj .oljL uJI 3x.l u^3 iCibjl aj£Lil i3jjj^S3I cjI£j__>J.! JiLs 3jj ild 

a « I U*. t I j«JL«JI l_ i_JJI u I -J I <3J Sjojjjw 4 ull ^ JjLC 3JjJjaj 4j£.I LlqJI '"'Ijj -II 



(2000- 1950 )5^l J jl^U^l5 J ^l j> ^^^LiJjlJ^.4^U*i^VI 

4x.l iu-ij njLaaliilj JliVl uajVI Uj.«Jj'iVtj ^jjjjriSlI iJLiVl **-1i <LloL>JI 

. I JL4 LLajj j^ja. Li&jLjI ^_)" j« ' LiJj La ( _ ? jjl Sj^iJI lillj idjUjI inSj^uJI 
Cj LajSLxJ I O-uul .<UjLiJI dolLaJI i_jj_>JI «LjjjI ,jja 5^x>.j 3jjJ3 Juljj 
■»■ ■ '— ji , <uS_jj_u VI 3j__5ejJkl CjLjVjJI 4_i^5l_s-j ijO—JLtJI sLrej) « ji*w < _ 7 — 3 
4jjj_Al l J£ ilij jjl j^SLcj ^yAlxJI i *• i t j 1 1 (JLsc-o (^ 2>j ^S-JI CjIjLcjj uVI 

(^oUllj (jlixJI jljLHI (ji^. 5 j'.'M cjlj(^i!lj i^jI jjL«JI ^V i^-i" (^ 3 »JLi 

aJIaJI L^IaLLa ct^ 4t-il i ntlj j^iill ^a Oj_)js iS^J^ O^i ^*-* 'lJ' — "-"J^LI 

j»Ul*VI y^LJI ci^JI y_l_p V ^Jl JjjJI all: ,>i jf.Lw.a2j J-sVl 
J_jJ3 ^yic. i^>^JI 3_./~l;.^ll cjIj^UI i-.iA^i aaj .(> j^ISJI 4jLcjJIj 

*L3jjVIj » «i"i-r « (_gl ^jjlajj tLu fjJS JLU <_>ulj («^LP ^i>^J cr^- jI <i~f VI 

fl^O».VIj jl£JbVI ^ jjL-aJ^U (j-lAJJI rLiUI ^-Yi^if .Xn* IJJ .ajlin'i^Li 

. La£.Ljftj3»la > t \ 1 . ^**i a 1 i'^ ^n ■ *M jajajjl .j ■ ^ "*-"' ' 0-L>>ajl .ajtO^Ji a-A 

tPJIj 3^>->Llil 5._Lftl<JI cjLbLiiiVlj ujlj^JI ^ 3J imIm.II Liil3 o*jj 

^~jj .^ClljSalUtlj jljJLIjtljjJIj, ,UlloVL3c^a [Jr aCjljjjililoa.l ^1 Ojf 

^1 (.Nanotechnology >>LJI I ^jiyx-.n ^tj .cjU»LlU Lc^aJyjSjj 

aJJt l$J_P ''''J'*' '(*' i^' *-*-* L7^ ^ ""I "-"-a cr^ 1 LaIoj^d J->>1j La Ij j"*S 

(jr uJLI (_$■>! .n'^V I ij^^UI (_y3 JjVI L ,Mi - | i |jJI JJjJI i^aOilil LL»-_4J^jilJI 
(((jj^jjijul a ^jL>J1 (jj-aJI L^>.aJaJSj)> |UuU '"■ "■*' Jl2^ /4j Q^aj i4^jl11 /«i^ 

.^yjlill tfOic 4jIoj i_ajLwa f^^e. ^ysej ^JJI 

LiJ^>. l j-a (j^jJI tL; ili 2 1 (jja^-ui |jr ^ JjloJL) jjUI I j^aJaj£j J ^_pj 

iij Lajj 3.1_i-l-»«ll Ll>- ^Jj 1^1 1 1 liUj ^L±laj (oJoLlI) Cu> t£j— ^^ j' 3jji^-ii 

roJLxJI J^J jji .iflljSoj LJL-v 4jjL>JI 3jqU1I i1)L*jVI (_^JjJ >-3j "J .ajj 

4 a,lii~ill lj-«. jlj'C~ll tilJU -. i , siT, 1 1 L*jLaJ i^jUJI Lx>.jJoj£jj aj_Llj 4 o"^U 
tl i«"l i nVI ^"v <-i V 1 1 J ■* Ujj».j ,-il<~ I '..^11 »_i tt -v ^£ Lil^'l in 1 1 ffl inLaJI ( _ y j* 
Lt>.jjjj£j L7 J9 >J_ijJI uj , . . U 1 1 j d-» ,^>ll JLfcja ^ ^a ** ^'j i j" j I 4j^ 
iLaKJI o^ jti^»II S-jLc^I ajJ ij ^yi pLlIoVI jj^-»JJ ' *j •■■ ^j-j-^ illl 
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ijjjl i ,i„LU,l tljjjl jbcjj <-3JL&> til! j$ 'li^jJI cr^' (_>^5tjjl <_ya 3 I'm" II 
di! jj i Lr u»JI i ijS^Ii! LaSj iSjLs. (jpl^. (_>ij^-« JSLI ' lAijuaa- ><uu^J <_3jjjj 
(tlijjlj » o"i-»-U JLaus (_t^J ■ ^■l'^ '-t'J^jJ.I jj*" 4jjJL>JI jLjVI i i i -si i 3 \g\ 

(_,lc ■>! o~r *^l (jj» jjljjl Lja-jJjjSj j,ji" i_Sj i-u gJi.LwJiUj S_U_L>JI 4al Utlj 

(_,]! - Aitillj (_, iLixIoJI jlill^ Jji^pjJI Jl* - 5 _. iJV.H 4jaLLaJI jjl i^a 

L>UJI Jla 4I1JL1 5jLi> ^^j 4^IL« Alternative Energy iLju jjlmn 
Jj^»J <ya pb>^Vi jjjji ^ jj: , «j ... ^u j£j . Solar Cells s : ... v -.ii 

iaLLaJlj .rl^aVlj rbpl ol_3LL j^o Sjdjlil iiJkUl oLaliaJI JN ; * ■■■ l 

4_Lii>. (jJl »j ■ -» '■ 1 1 t jjj mh 1 1 ijj^i\ J^Li- ^i'j (*^ > * (j-° 4-j.uajV' 4jjIj_>JI 

X-uj i_3jjjjJ .jjJL^I tjj-ill (j^a 4 1 1 ii 1 1 j mi 1 1 1 CjIj-UI J^L>. 4 Mijt t f^ljj 

lilljj '^J'J^JJ 'Jj' 1 4^liaJI ijja SJLloIIj 4lalSJI SjlalmVl ^jlill Lo-^J_jj£j 

U^oLusuji\ ^^ 4JJLJt lj**lj •*■■ j j 0" 3ju_Ls- 4j^lajjlj jl_j-o ai.It-" uiL 

Lj^-L^j CjLjjLLu <£.! Luea i _ T £ aJ SlJI ^ i» 1 La-4 ( 4jjj^jj ^-^.jjJl^JI jl c 

I ■ ■< 1" i_3j ui L^^J^jiJI dlli j| ^J iaL^VLi I Ju* ^ : j^jj 'jflN jjSjJI 

^liSlj J ■'-"»! -vl i^.",. ,,l J}Li» jjs l^"-rfllS-aj CjjJill j \l i^« (_yi^ i .Kill jja 
. Li! 4j».LjII Sj.j.UII Jj^jJI jjUauaj Jjl^iJ 4-JLaJ3 

jj>-jj ^pil Atomic Structure 4jjJl1I 4.JJI 3 Kj^ 3.5L.V 3-»j-.;<j 

(jVI ijiit: .Grain Refining I »*l m.i^j L$3li>j^>. jjiir-»~j jl^il I $Ar 

^jAyx^ «JUli ^1 Nanomaterials 4__j^il_JI jl_jil cr £- -u «juj^ jIj a 

jl CjLjjJj-JI till j <( jjLiIfllll jlj LI (^ 3jj a-j^o ^jf Sju^Ja Jl Loi-j 

^ .l^J (_jLJI ^iij I «j» ; Large Grain Materials Sj jj<ll oL^jJI 

. 4-o JL^ILoj 3juJl>> djL^l t ua j^yfl 3 .' 
<Cjlx.LLaill ' ailje^o (Jr ^ <i« ...Ijll 1-1I ^^i iU'11 -jji .ij.ic jjLUI LjjvjJjJSjJj 
I^jjG ijilj (^ 3^3 Jja 1 Jjljall JLaVI a I '-►" ...Vlj S^LaSLII jjo Jj}-^' i^*i ^^ 
*Ll!I 4jjJj jJJlj <iajll (jl JlLJI ^jA < n I n" I, I Lliltn'-tell (Jr ll3l_5jO (_;,!£. LjjLsjI 
4j^SLlil JjJlII dilj Li! . ij£.Lal>.Vlj 4j.il i^'^VI L^Lisjl ijj 1 11 -».") Jjjj-u (^3 

I LU^ ', ." V (_^JJI til |j jl ■ > j Ij iS! j II .-■■ i-»*.tl j£. i_aiitlll ^palj «Lj 

' ^l^~lt 4 it in (jj^j e^j utS >4jjoUJI JjjJI (j-o jjLlII I jjvjJjJSjJ 4_usj5 

(^1 ^jjj U-a n^i.Vl CjVLall ti«.->. ^j SjmiIIj 4jti^iII iJIjVI adl (yS 
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JjjJJ LLmj 1 .1 j i n tiilj Julj ■- ; ■ ->" I t^jjs^ai] LijL-aisI j^j jLi^jl rftJ ' -*»''-" 

. 4j^aLill (Jj^lJI f^uuj 4j ittl (JjjJI (jij ^^ I ^-.-^Vl rtj ■*. A 1 1 J)ja t"j 

u»G£NIJLA 

J <-^All »jl2jj ijjLlII Ij-^jIj a"^ («JjJ ij • "j * ^L>.jl« (Jj^i <-_ iLjJI Jjxjj 

il^jl iiij LusjjC uix i Lt>. jj jjS[aJ I . < 1 1" 1 M "I ■"■■ LaLc Lusj^ <LLa JjVI 

^iliJI J .^.All »j 3j I 1 'j ■ -3 Al~A»l I CjVLtil w *« 5/-j','l I | ^"l Aj ,U"j 

^J3 iiiJloJI Ji<-i<ill Lol . L^ol^i-j SjUU (jn LLaj^tia jjj«") (jJJ (_£jl (_£ jJI 

CjI iin-> JUJjso (_y3 Ojuu£ 4jaAI (j^a i2jLjj3_>JIj 3j jJI 4 l*io i I at Jj, Vt'ij 

Lillj ,_, a J JJ*"' u Ij t^jf ^ '. lf *^m ij' ^ ^3 "— '^ ^J-^'j J loLulII 

(jial^ju uiLi i«_|ljjl J'-^^ll (^ tQjl^j ^1 Jj VI ■ )LiJI J--- j «J itllLflj^aJI 

.dijjJoj i_d^Sj id-ujajjl LijLj->. (^^ l^a >->-" i ii ) ( _ y jJ I jijaIJ J^aLu 

rait (J/u i^jjjl 4^jajS (J^->> i* j J "- * JJ^-* c£-"' 'lt -1 ^ ' i\— lji ?c ""■ » ' j 

i4j&JLill jljJLI ^jit j S^j |_£JJI (jj^aLJJI JifiiilLi i <LLl>. jJ^J£[j j ij JLJl 

I JUfe )OJfcja J^l (5 ^ * W J .* "' •">"'" (j^ ^ i>^' (J^'J-^'J ^*ilAji.^"j 

■~'l j"^"'ll .-»^l ■ UtNl ^ ^Jj . ^» A". 1 1 ^ya ^jj£Ll t(_ < )-«Jl i-*jl ^J ■ ^All ^3*jtj t ( jLjI 

.-■ij.y.tl L-Jaji L yajj^ YjS i4jjjlill jI^-JLI r-LiJl ,_, a 2 « ^ 1 1 a ai-.^.ii 

<U iTi i>n in^ J-l3 i<x>.jJjiSj 3-iLxII Cji fTjjln'ill ^^3 lij^-lLJl A miuI (_p-« 
jljJL 4jiLalj r-jL*J (jjaliJI Jj^ajUl ^^^juj . 4laSLi «_)L-uJI J-u^aJI ^-^-1 ■ •■ * 

(_j^n i 4 iM^LLaj 1 _ > ^ojjl! i_jLj£Jl (j^j j^ji-VI idJuiil >-— >l-xJl ^jn i^-»->. J^lj 
i5jl~iV a LliVLta (_^ udJjj ijjLlII Ll>.^JjJSj (jit 4 j i _i 1, 1 i~il Aj.U'.ll (jja 
Ja^iJI) ft liiJ!j AtljjJIj .(j-^uLJI J^aiJI) 2_l*^JI ijlcjjlj ... UI K 

JL*j«j i(_^ii^ ^jLaJI Jj^yflJI) L^jjj^ii^g.i i^->'llj 3 mil 4jLu».j<(>_iiL»JI 
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3j^jj»-la oLml iu-»JI 3 /- 1 ', , ^ j '(j ""* u->IjJI J.*->AlO .'■Ij'ijj'ClVI 5 /- 1 '. ■ ^ 
J .->Atl i A 1 j , >. a j 4_iljj| >_lLj£LII «jliejj . fj Mif tlJlii! J ■ -- * I n jl « "■"■ ...VI 
i^jlill Li^aJj^ll ^jLcajflVlj (^Uja-VI .Villi aJlSj |J JJI .j nif j-jI>!I 

^ i^LSJI S^jjUI 4i,i>m L^j «i , m a t( oJUJI L7 \£. ijUiLals-VI L&jliiTj 

I JL4. ^ L$j 4 u-a-illj 4jx1*J"I 4Ja iiVlj . L^jJaj£jJI oj^j ^-r'UI JjjJI 

»Jl$J (^Ul^-VI^ |_gjlin'i>VI Jj^j II 1( JnaaJI I juk (ji^Lij U£ , Jl sell 

jl JlLJI (^ 3jC"i 1 1,1 Ljj3L>-jJejj (jj» * si A* ...VI sLjjjSj 4 a I ii" 1, 1 I j-^-jlj X'll 

iJJJ'^J L&jLxojSLi (_Ps^jJI J »-l (jjs i^j-i-VI 4jjsLiII JjjJIj 4 JJ^Jtll 

' ' J ' T" 3 C ' * ^"' (JLa-^Jl (Jo Up ■>■•'» ^j-u <LajL3jl 4_l>- aj ajSlJ I «ajie_aJI 

(J^i^jjjlII (cJUJI JjjJ u 1L>JI 1 V«jH ,.<H'i< J.^Atl jc^jjj . j^—aLlI 

J -T-" j"" CjljJil (j-* 3jL>.lj 1 *jl ."■■- I 1— Jej ■ ALpJ 1 ajLill Lia-jJjjSj 
. a_tilajj| 4 j i~ 1 1 iU>Ui^ _^j^*ja («J1J (jr ^ 4_a^ll 
4jjaL»JI 4 j ^ j . U" 1 1 j dj ,-» .11 mjUUJI /j a j j ,C 1 1 ajlaj (jru i_£_4^*j i_j|jSL!lj 
(>OMiII jlj^^yl^. 13JLUI Lxa-^JajSj JLse-a ^ (j^LoLtJI eLalaJI ^ j^lj JJUtJ 

J-i3 h_jLjSJI I Jufc 3a 1^ (j-a 3_a^.jJ.! SjjLaJI a j a «"' J^-i dHi • 4 ji^ULI I aLc 

. ^ ^ 1 ^i ■r" 1 1 £"jL>- ^j-a ' flJalJLI ^£jL3j1 *_a 1 uujLuj iJa 1 ■■ ■ * J^->-u >— ijl 1 uU juxa 

4j| t"i 1 11 jm J^li*. ^j-a l^jUA'il j_A LljIjinLmf 1 il"sn ?usu (jl ^j£.$j LaS 

<«j J3j .(jiijjjl I Jut j.l V" (jill 4 j -r j 1 '(->^i] I aj injjlj ,Jl£ iVI (j^a jj'i^ ) 

Sjjj^o (^ h_jLjSJI p_ajijj»j 4 uoL>JI ^ j i a II j 4 j i 31 1 1 i*il-»IUi^«l I « ja^i 

.t_)LiSLII 4jL^J fjji 4^j>Jj 4^L>JJ i^>>- ijiirta <|->n 

i>° J^J lS^ Jl «JJ u — jLilal ( njl^f j (j^ — <Ii Jj>>- />c i_jj — c I jl ^jlj 
oJ^sLoJI 3 ij.-tl jjt.iTi'Wj jC w.ll « jj^ai-lj n_jl'XII I Jl4 jL>J| i _^£- ^,"~? ■'■■ 

tOja^JI 4jLaL>. 1 iUII 4jKi jl'nu^l - (_, i>ia*]i 3jU^J3 3j_jjSjJI 3jLj uiVI 

» : --t l dUj£j .4^ai*JI oLtiSU i^aSLJI JL^JL ^LlJI >;JLaiJ JjVl j l-M.-t l 
(jljl i"w mil i^iihina pjul I J-i£. jjj'iS >ll Jj 1 nHj i^j^ijjLj Jojiit a jjjSjJI 

U^« JT ,V,1 .4^*1^1 oL^j>U C^_ySJI J 4*J, ^\ «JI j-JJ-aU jVj^l 

3jlju ^^Laj » ja> ^yJI ftLigJIj j\ Mill (j^aJLa-j .^ 3j a~i 1 nl,l La^jjjl m4j 
t>l>.LJI (^j^Laj J-±*^~ ^ il ij' J j' ^-IJ^ .<La.lii*ill jclaxll Sjjlj ,4l±J\ 

^■1 , ,^> ^jj"^ t!l p j' " j^ JJI j ^j -"•*'- lj t4jj;^>JI Lya-jJj iSUI 5j-il ' j (jil^l-tlj 

■ 3j a 1 1, 1 4joUII La^jLiiflLLa .Ijiiaj fj^**^ ■ * ; I' »Laje.a jjjSjJIj t^jAjXl 
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AjfcL-u ^j-a JSJ jjLajjJIj j£. jjl CjLjI j«la£.l 4-aj>-^5 4.1^3^3 ( _ ;r ijj^j 2fj 

. ijLiLJLi ^Sjj^jJs 4jl^L>>j i3j_&L3JIj jjkjVI 

Prof. Dr. (^JJJ u. cr? 1 ^ j^-JJ' ^ "^" j^-J^W (_^a_».i (J' Jj'j 

njryxjjSJI ajju (jJ^. .-.'ill" ^jJI nr^mll «jl JJI ^UJI iKenji Suzuki 

. ^jLiLljL) aS&jfcalD 4_a-4L%_] Jl aJL! ihjore-) * g * I 4j_2lj£ ilj_>iJ J <it IL) tlx^^ui aj 
i LijLjlxx i4jlx (ji. I _"*■ " i LSjii- 1 1 1 1 r> \j^u> aJLuI ijjS-J ' rtjS 4ix C m I «"i Jul) 

(C- jllXI ( Lft_L3e_)J j ■ ^j ■ ■■ jajSjJI M"> . ..VI j '^ ■"■!! aJLiIJ >jJl3jj j^ ■"■ 4j_toj 

t^jLlJl ^"-J^J'^'j j«_ lc !_yj lm\ 4-L« i-.'aj<» ^jJI <<LlJLL«Jl jjljjjl JUu»L>- 

.t-jaLs i±i-»-L (JSJ SjJlSJIj r-jjAJjl n_3jjill (j-^ltJI 4^-La£ ^& OjIjj 

CjJ^SJI J-4«.fl ^1 i(jl iiaVlj j£i uJI iljLl ,j^JLstJ aJjjI (jl j^J jjyjij 

Ji^jJLI Sjjj^I ajI J f-i* "<JJ (ft£.J ^jJi <LoJL3j La (J$ (_,!£■ i4jaUII iiLtjM-I 

** i j t ' Jl£jlU "j ' • •• A A±Lt^\bji <_L>-I Cy* 'dr^-Lal-aJI^ ^\i>.LiJl ^j— ^o t4_ij_L>JI 

. ij^tll^ (cLlII LJ i£. (<uLl!l L7 -^>>JI jLna^VI 3f>J«Jj (*£■-> ^1 4-u>\jl\ 
^ua i rmU'i JjJJI - ^Luij ur^^j 'L^'j cr*' ~ 3j ji i nl l cr 3 >"'' ^' 
j*^ '"■!! J£ LT iji r«^la 'p]'l;> ' ^^jL^v . * . ^ I «". « ,<jj-»- ,>»~illj i_j >J| ^^iLtja 

- I j ^ II I »" 1 »J Ij^ix ■ _ il'XIl I jufc (jjSij jl |_L>-5 j-C 4lll ^£.jl 1 Ij jL^. I_J 

. d_n^J.lj ^j j i~ 1 1 ««l£ijjtil /«JLc» 1- i~iS d l ■ -I ■■■ |jl Mir jjjs iJjJoLflVI 

Co^£)l 
2010^0^ 
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JjVlyLJl 






<ujjI ^a iijSLa jjjim **]£ .Nano >>Li 

lLsj! Jlflj .(jj—Ul I j-A <L_ilju Aia 3 JJJ_JjJI 

<Li>- 4J <> *V°* I I i" >1 ■* ■ i L^~ 1 i a ~> t_&Llj! iZjUSi *"'V ^ ' 

CjU , ..^tl jM -.11 .5 Sl.-.t I ,-,ljl -w".*yij5 ^l-.-^l I 
CjjLiS i^jj.1 JL*J 4liiiJ iajj JJt-i Uijj l(jo->.J 
Lj^-iis ^HJ^io I'llh (j I JUu ■ I gj u '{ t"i i 4 jir I 

i^ial ^j^---a (jjklj^a j»^L_3l djjj>.j icl oUtl 

■ ^rJukll JLpJI ^Li'jUJ >' LJI L^R-y^ 



. «Nanos ,»ji» ^j— i«Jj S^j.aUI ^CjJI " " ."o^ij (jji 

jLiLa ,j-« '*>>■ j->Uil (jri-iJ f'J^'J' (J'-*-'" (jt^J >-iJ$tf 
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jjsjJI i_H-LiiJ Sjl^-j ,Nanosecond) i^lii jJU .Ml»j -(j^ 8 ( -«Ji Cy> 'O^) 

.«3jl>.IjJI SuJliJI ^ jl Aa (^k. Ijlj-Ijd u \%\ (Nano Sec -.■■-^" , j i'ci'Vij 

^1 a_^}UI ^-ajjjJL j irViT-j (_gl>Jt .Nanometer ^>i«^>Ldl ^ iVimj .JilLj 
j^jcJLI ioj>o VI ^^3 V ^,111 Ijl>. SjjiinM iiLj iVI Jl^lai (j^Liil »j^j£ inm 

jJLa 4j^4jc_LI ."'I -ij ...-^-llj LjXjJIj lLiLS^IIj JljJj CjUj^nj tljlj j ^pijjLLaj 
(jLu-a) ^ja-iLa L-kJl /^a I* \_a- (CaL_uj Jj>.l&]l >ILaajLlJla . Ll)L_ua>_iA]l a Uij^SLJI 

0-" *>*■ jW^ 9 u^ <S3 — ^*^ -^'j-" >^' Up 3 '>*■' J — -!.'*" 1 . 1 _j' '>Ji' ij^ 5 — ^ 

.... (2) 

4j^sljJLa 1 - . « . U j L^ji I *K^" La IjJ jJM>.jjjLi£jl jLc. oljj /j^a 3jj 13 {j—a 

.([ — 1 J JS c"i 1 1 (^ (jl-La J-4 Lo 'tJ^*. 1 ^ j'>?^ Ifli^-n i 

1 nm 

LJIjil J_4 5jj 1 3 J_a LJ^w4 ' j a *' L-dJ-3 Tt—x-b^j ^ UjU^l f^-"0 : ( 1 - 1 ) J^ i"TI 
jt^j>o lj'>"' L^jjl Jag t jJsj^ 1 >jJ_4£JlJ 0.75 L^L» 3-L>-|_^J| ^1»5 j-JLJI ^j^^j^ Ju^J 1 

(4), 



l-O-l 



i_a l^aojlj jl ■ i 

*V J* ""^ *LuiVI Jljlsl jLul (Jj/Ij^ l _ y 3 ■* * '—"■■■ 1 1 ^LajjLiJI 6jL>>j jL±jJj 
>_ojQjl (jS-CJ (_y^J' ^Li ijj 21 (JjajijIJLo^ aLtcj^I jIi^ ^-jbLij <_£J^a l_£jlj.i[j 1 1 Jl>. 

i L^sLcjvij LajLljI (JjLjjj ^yjJ'j ' Lii 4^JjjlII frLiJuVI > j^« ■ jy^o ^yic- **-»J> J - u 

jliS lj-Lj^ Ljjjl La I jj . JLiil eLut" (jijta (2 - 1 ) JSLUI ^ jj^^-o jj» L«^ 

1 \Zja t) S i a IzUa uU (j^j ^-al >jj 4_jl t--i . ..a i ^j\_ LM j jl jjlZj /ys 3jl>.Ij S^ji Jj 

jjtt^iLo i \-a U \^>- (_> aLi_uja *5 j-xi-uaJl ^Lxu V I J alsl ^j ■■' y* ' 3jL>. J ajk t Clajj \ \ \ \ J 

ir^Xo^jLJ lUUL) i_^jLjij jl>-IjJI j2ja$j\A\ jl ^^-Ijij I jlaj > jl>-I^JI j^>\ Cy* ij-^ 

jJuli LuLo I jl* .jiA^L 1 20000 ^j 60000 JjLaj ^i^JI Sjjui ^^ ji ^i 
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Jjljj Lo (_gl jJLoj^ja Z.D j t ) (jl uu^U tlj-«j>JI AjJI Cjlji jjo Oj£ jja& 

o-Aa >2aa>Su a 1 J^eJ l^_J_4>JI lj^ _i"N > (Jljlsl — ..KS* • I . > 1 >) u > (j^a oju ZDUU 

.jia^U lOOOjjLjuLa 

IJjkiiljLi^yiLill L^^J£ Sj^j j^LLaJl J^ 4 - 1 ' iitia-^ULj^jjL^JI ^jj 

jl^II jjt irt't 4-uLj£ (jr ic. 4_jJjjj£JVIj 4-u^^ll CiLcLu^aJI iLsjjkl uinil '(j>i!i 

ij^Laji^'vjU (_£_sj uua ^yjj olx-Lio^aJI a-LA oLwjJc-oj CjLkjJjs L ^i La.lr* uJLI 

3_^>.| rljjy 4jjjjjSL!VI 5^4>-VI oLjjSLo jjt uaj 4j»i i»l Ij Sjjl jl JUu Liiljj 

u'ti'i r«JL*J! i^-iLi 'tftJ dVJ • 'j-* "' (J^^j'j 'of\j£,^ ~t>Sy* LT^ J '^** j t i(*>l 

t _ 7 lJI 4jjjUl JoLUVl |j-o j_uS <LLa i *.j-»- j* ...I jl ■ - . U . " u,! .jjjjl jJuijjSjl,lj 

iflj^jJI Ol uKJI .^-Jj£ ujj^iLiI.1 Jlo tj^>JI iiUj J—J^ J>>-J L$J j <i (<J 

Sj'in'll oLa-lUir-iU j^ ail J^^j nj^j^SLJ.1 .iJijjj^^SLiil .Microorganisms 

i i inljjjl ililcl \in aJLz />2jI -Lfl^ !-LA . jJlaajSjU 3_L».^j d U "j 1 1 *jjj •"■" 
(1j13>J1j 7cjI >jiJl jl ^LoJulLII 4_uo>jSJ VI 5j jj"^ *l /ys Ubj i^a dJLaill ■ *"mj"3 
jl£«VI ^ jj£j jJj . L^jj JlS u j^\ ^yJI i.'.li^j Sk Sjjioa^jll i_ujLpSLlVI 

JuSj .^jjajj^SLJLI jja u- 1 - 5 ' J-* L* cr^! ^jlj>J-"jj-il^JJ <LoJJJLI CjlJafU' CjjJlus I jl 
j-±P> ' d C I ■ bj ^1 ^Jijjl ^gj"t i nl Cjljj"i i ii^-jlj^jl CjLJqSwQ jjt in' j-« jN n"<ll ^Jl 

iCjULljJIj oLaj)UU jj^iej | _ 7 ^ L^jljjS SjLjj •(_. mj!j.>JI a^LaSj ^**j |_y3 

jjVI ill? dj j\£ Uj> . LiijLjLudj J j)JI j L^aLsa*.! jjiio'i ^1 Liol till j ^ jlj 

.»jjJI aljj (^JJI jjeJJI (_,!£. LkjLiiul jyS 

Ijjjj La.*r-->- Jflt i * i -r j r «*> I j SJLiJjl i_i JI34JI 4^1 i ■ r-t Cjjjlaj _LoS l _pluj 

^jJJ ciLo^L«J,lj iijl iLxJI ihn-wj jjj^itj u a L^jljj2 ojlj a iStLi^ j l£lj 

7f 1 1 ^> I j^j .jjibUI tjj-^' o * Cjljijt utLlI 3jjJ3 ^ 4oi£. Cijl^ Lo i_altinl 

ijy lujs ,^1 SjJj^^jiJVI L^jlJ^SLo Ojjj-o jl Juu jVI Lj uujj Srtjiit. liilj 

Jjjs ijjjjjja dLiflaiqj Ijlj^l iS^j^ £)* LjJjkl Lj_« i4£.j-uj J-^' ■"■**■ '-* ' ' 9 i_a-ili!l 
2l>JL«jij .ijJj^SLIVI JjLujJI Jl jft'inilj JL-ujj i4jjjfiitll 4^ j Mill ^1 J^i.jJI 
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^i Vj-tT-a LJl Llo-U. IJi^ji-i-ri^U <Jj| l^Ij^LUI 4_)L£jJl£ iVlj 

till JL^I ut*^ 5JLii!l i_djl^gjl tiit UijJ-v i.'irthj J flj I J-4 ■ I ■ ■ ■■ 'N » 't 1 ^*- 

jjjl>o j»Uaj JU-j|j .Personal Digital Assistance, PDA SjmVui 4j^sj 
. Lfck Global Positioning System , GPS ^lUJI ^al^ll 



15jM0 







J>*yJ** 2.5 
>*j>*» 1 

... 

>•>*; 10 jJij* 


» " 1 

J6 — , w - i 


>>>li 12 "2 j* 








j^)^0.2 jJ'>» 




- (j 'hjT i . 1 l /n. ll' 10 -1 >" 2 "10 



- (>jjS- 1000 (jiOl* 1 - > 3 "10 ; 



_ (j^jjV 100)^^^0.1 _ j^- "10 i 



_ (>.jjS-10).r*J^0.01 - > 5 "10 : 



- (><>U1000) >jA-1 - r^Oj 



0^100) >«.>jV0.1 - >« 7 "10 



- (>.>u 10 ) >jA-0.01 - -*** 



- (>^ 1 ) >jA- 0.001 - > 9 "10 



— O"^ 1 - 0.5 ) J-sJf 0.0005 - 



_ (>jli0.1 ) >jjV 0.0001 J > 10 10 



(4) 
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2u>iLJl jljll 
s^jo'U 4liJ! oiJj L^jL Nanomaterials 5b^UI jl^JLl <-fj>t3 I ■ '■< ij 

jl La^L»jI (j-uojLi^ ?-_jI_^jj i~ij*»-.j 1^-t.LiJ] (j^jjj L7^ 4j»jl2jJ,! jIjJ.1 (j— j» 

o!,jJi jIjII id£ M nl^oj^L^^ijii^^jl ,i "^j.(3 - l)JSL_iJI 

LajUjI -u^j L;t i!I jojejJ! »jj ; < 5j t^U'tl jljjJJ l^jLiua KjJ u i-dl ■ .." 

V j j <i" II i u ' "■ (Jl uaa-j ■*" fljuo L^j ^sIjjj (jij »^jjojjLJ 1UU l** 

jij^a (Jr A 2_>__)jLiJI JI_aJ,l JL*jj 4j lulaoJ I jljji.1 ^^ 4 » '""T - " -^*-_p ij' Q^"J 

j», tii'il ljL< n j fit" (^-Ilj (lLjVI i^ajVlj CjLajLJJ Lia-jJj "iK" .4 Jj)J**tl 

■ I fl"i I n (j 1 1 Ij-UlJjSJ rO-4 VI 5jl ir*i->.j 

l£JD 1** r j i b II (j— ^ l-iJ>-a -J i-aAll I j gj <LJLl)l ^| j . ^ A 1 1 Sl"j 

. 4iiriVI,l i'iI SjjU'.U ^ja 1 giijh^jj I *~j j i q a - 1 (JiJ-kj ijiji! 
lJjMjJ-L) i a D *-"■ i~m-v. /j t • — - 1 1 <L^>.LJ jjja SjjjLiJI jljj.1 <> j *■" j 1 1 JLA 
jl d j*j - , ' J " -ilj a jl 3 jj ■ ^-"* j._if jl 4 jj ifif j!j-o (jj Sj (jLS i 'j- ■■■' 

o>l uo^il oL <if .Metal and Metal Alloys USjL ^ 4_j)liJI 

.Oxides and Minerals jjjl «Ilj ju ^L^Vlj .Semiconductors 

ja"«~ ^1 <LiJjVl jl_j_JLI SJjj^j jlO Polymers olj ^^Jl . ( l tj^j 

. Sb^jLill Sj j > V I j j!$J,l r-LiJlj j j - o — * ^ a 3JU! Li»-jJjjSi I dj^ 

Jl*j — L*JL»jl JL>-1 (JjjjjLSjs O-ill La I jl «4jjjUJI)> 4 ^ ■ aJI S3LLI ?c I«JJ 

.^La^jLj 100 JjJ La - JkS!\ (jic JL>.lj 

4_uLij»jS jl 4 j*._jJjjj <L4Ja.1l Cj ilS - 1 j A 1 la ■*»' • ji*^- j— jLjjj 

JlLcjj Jj . -ll^II j»l st»-lj jLul ^ylc. IjJoj (^t-jJI CjIj jji'lLj 3 jjlj)jfl jl 

^ JLjjLill jlj II tf JLA 4£J tuj (JJJI .Uoill (jlc (joj^jl jjim'll I j A 

J^-ijjv ,jli JLMI Jj;-- (jl«'^ . 4 rt1~-V 1. 1 2j-t.jlj_.jllj 4jjLl*j£JI .-»\l/-l A'll 

j»l L^>-i ^1 3-=t3-j 'i.^i 2nKU Blood-Brain Barrier _i^4iJ J_^»ljJI j»jJI 
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^j£. SJjvLt i jiin .4jjyajJI 3jjJ — II JMi- ^ya *JU j^j Jj^j ji (_y* 4 — JJ/i. 

Jj^aj (j^JI LiJ ""J Sj t K II j»l ijt>.VI *-/» StLaSLi Jaju I J-4 «_UI ji j *->^' 

^yjj S^jfcLLaJI «JL4 jjjj JLxaj ul JLd£ I jj nlj I jia jj^SLjjj SjlC (^JJ L—g^aLxjvl 

Jjnojj i_3Jl^j tcJLI (jf— !] 3j MiLya gJiiVi 4jjIjJ iZjLo-i i_u».j j^l£Li£. ^jjlVi 

. ^"^^j 1 I j i'--»lj"^ I Vb jjj jjjj (jjs 4 j (_£jyO . u I ■»■ i <UljJ jl djjl -lj i tl 

c-JlJcJ (jV LgLfcl -X^ Sj^jLill jl^il i>Jl* AL5t>.l j'tm (jl J>2JI . jU" .,.'■ ^jj 



>_3Jl$JI (jjl Jjua: ^ LjJ^U- (JJ JL-uli (jlj . jcJLI (jJI Jj-oI^JI j»jJI j^l_^ 




High-Resolution Transmission i_ajji ur- 1 ^ ^jju^sjVi j_aUJi ^ji: ...j^slji 
i_>>iD iiii njt. <L-cjo->a j_^» i_i)>» s_1jjJ Electron Microscope .HRTEM 



jl^JLI '--I *l o2 ^«J; ,„1 1 ^_j£ L _ y3 ljjiJI^ .-.I A.^ll ^llj (jl (jja dJLii ^/ 
l^H ia La ^,1^ (-.t ur>La .SjUJusJI jl^JLI aj^ iL«2 t>Ll£.V 4jjjLUI 
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Jla .oVLaJLI < allien ^ 4j^LUI j1_a_U • klajjj . Nanotechnology 

jat lillj r-}L*JI JL*ja lixJaJI ^uSLauJIj 4jjjVI icLixoj i .U1I JLscjo 
S/iMI olSjlil 4*JU-a aijJI ^ JiU>JI JL« <_y- cilJ j£j . u i In II 
"j j-»- ■ CjLjSLo 4 c I '■ i — ■ jj^ Ji.Jjj 4jjjLjJI jljJJ cJjjIojj .1" «i_ij • wj^'jjj 

I jla .Srtj^jJI Sensors c^\ ^1 c.-hIIj oL^pSLWI t 4oJ^I ^L l*L>JI 

3ljS~.ll Oljutltj 4 dllseJLI lUljjVl 4x.ln s, ^ L>J>io ,_, II isL^/Li 

Jia-I SjJje'Uj 3jjJL>JI 4J3LLJI JLa^a Jjlj^ . Jj i* Jl>. <_,!£. 3-fljiiJlj 

^ 4jjJLiII jljJLl ,_,!£. jLticVI (jrt-r-lj ijij-v idjuij ijJLI oVLaJ.1 («jkt 

.Fuel Cells ^^Jl t-jLjUajj Solar Cells 3 mi<i iSJI LM^JI .jlinl 

(jj» V J I Jijj Lc jj_ii jjfi at I vis LoJ V I (jja « Ll>- jJj-iSLj » Ja-aJ u ^-i>i I 

<_a>Lx»-l c^-j •'I^-jIj ^j -OllLa » jo--m i^jUJI fjl iiJl J^j J ±a 

Jj;« 4jjlill 4 JLLtJI ■ 'j ajl 4jL$J jlia lilljj .4 "LflLojJ 4 jLiii. 

. I JLA LLo jy ( _ ? ~L2>-_a {jjj ilnl I (jj - ^ ' ' *" ' < ~~ ' a ^ ' -4 O* ^jLilfl Cj I j i i ii 

' ■<* I j I j < a -r i i r-> I 4JpS .4 *ijt->l l-» a j ( , i ■» 1. 1 4-ija^L& (jj° «il_pl ^ If j 

4J L~ua l^Ic I j-iijjaj i Ljj^ j J j jj I a Jl2j ^ Jua 4_> ^ njiijl p j I JoJ I <>»- J 

4jl uiLujJ (oJUJI j^S J>«Vl CjI J>st» ^jrLc I (j"'*.! ^3 ' AjLutalal 

JaAlJI Ijjb (_, i n'^l Jl2iS i(Oj (j-AJ t L^jjLalj I fl -s 1 1 ual L~^j L^AJjIaJJ 

j^issLiJI (Jjl.TiH 4j*jjjj ii Ljj»- jJ_ojS>j » uLii oil 3J.-r a i— ijjju i-jLjC. <j^J 

J^U. (jj VI La>jjji<'ill Jij. tj (J ,«JL»JI Jl ^i—fcJI (>t»J Jl2J3 -.U ^11 

LllLc U.ia.li (_yUI SJuJlsJI cilj'j.rU'llj 4!}U*!1 2u*LJI 0I3UJVI till: 

.Biotechnology 4j4^JI Lls.^J^lSL-JI Jla .a_ui»Ull ULi Cjy uJI J>L>- 

L^^J^Ji; .Genetic Engineering "LjjIj^JI cjLjSLLI S^ l^jlLa L^-^J^JSL" 

.Communication and Information Technology oLa^i*JUjCjVLna"V1 
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cjL^&JVI LjL*.jJjJSij .Micro-technologies iS^jJI cjLl>.^]^£JI 
.Nanotechnology^JLUI L^jJ^&i l^^i. ?j. Micro-electronics ii^jJI 

4.cjft--ica ^ i<" sia mill Lifel 'n a, i Lu>^»Jj) iS*" 1 1 jjl (_ylc LiJLajl La I jjj 

py_iljj 3j. "j '— ^ lj *' ^ ? JJ ^Jl 4__xaljJI Lljl__ilfljjlj ■ " ■ I j 1 j 1 1 

jl i La aJS, ilJ. *j j i~ "j Sju^ J_»A>- y '**>J (_L>- 1 o— * AjaLlII ' * ■ j — ; " 

(jjjkjjlj (_yii»JI 7-1 lill (_ 7 ic- d i*l« 4jjJl>- CjLseIIo (_, Lc J j ■ -»-». 1 1 

S^jkUiS LiJWjJj) *iS~ tl (jl . cJljjjljJ I la_A jjja LlI » ■ '-■"_■ i_3^ i ii *. '(j' , .. i\l t 

7cLa_u/ ^^i^. tfj^>-j -Li_a ^1 ...iVI S-jJo ■ Si* ><GjJl>. j| SjjJL*. O uiJ 

lIijj) IVi (jjJI i4 jlintl 4_jl^i>. £"Ujj ^J"-?"- 1 0-° J jjSJI i_ojSJI I J ft 

Jjl>. jLu V i <--iJj *»-" 1 1 J a1*JI w l*~ I o"i«" <JLiL>-jJe^a j^jSlI ciLI j ' " ■ 
i j S " t 4JL»J9 4jj1ju oljjl cL^ilajjj ^jLaD " 'J J ■"■"' (_^3 ' " ■ I ' 1 ' 5jUjJ9 

<>a (jjLtll rljj«L] uul (jj» jl uij^l ( jSLoj (jJl isLusVLi lju* .<dlaf I 

L^j 4_aJLtJI ■ ''lj '~H J^a Ifl injl"»-~ «j I *jjd?" 'J (_>^J '' J 1 -^ 3 ■" u '-"'**' ' 

4jjii dil^jj im«i u^- J J ' ^> *s H jj-o ajSLaj i«J < L$jj£jj (_yfl 4 Li>! jjl jl 

(JS ' ■ ■ ..I *~ 4 n I - ! -r a jj^-a ( _ y fl I d^ J '-"-' (*^ 'J & "*H ^^j^Jo ^j <* lilljj 

■ t I' C^jIS <La^a iZjLal JLsu i-ul £^s uiij j >^> Ly-^lj <3jL>> /_l£. 3 J.' 

(_ylJI 4-ys^jJI ^1 iilj »_)L«j^aJI ^jlt •—• \jul\ (j-a (jl uiJVI (jSLaj (^ 

i_oa^ cr^- "j ■"* (_,-* "*J u> jjjjl" (j^a i_jjj5j La j I ' ^ (_yi^. ^ ~'j' s - 1 J 

LtJlj SjuJlscj O ■ -jl Ljjl j Jl>. ^^a LcvjJjjSiJI Sj aI U'a jjjj .^ojVl 

■»■ ■■■j~l I i> j (j ii U (jjo jj-i-iiLlI l _ J Ji^ IjLftJ ■ USa i Un^UI jjfc I jja JljJL>JI 

(6) • ,i • 

I'ljlS'v (_$ JJl JlLoS i_i^jj a! n'ltu 4-5-1 1 in Lt>. ^Jj iS") (_gl il->->«) «J Lojj 

jj^ill La-^JjJSLi J»jj jl»3 j^l\ Nanotechnology j JLUt Lc^»Jjj£j 4j 
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4 lJj-ij ^, '■"«_■ l£ JJI ^ftLJI oilj Nanoscience y>LJI j*i»j i .^^ 

. LgjsLsejvl j;*'"" (jjl. d'.'.l "A\ A U ,"j 1 1 ^jfcljlaJI 4-i.uljJ «_a 4jSLulSLii!j 
^ILdjjLljl ^jj*"i i ii a ^j| jl^aJU ^j hjjLaxj ALst^^I ^jt ml Jjl ^jLj-Jl £^ ^ *""^ 
t _ J il'-j ^Cjj i_j^L2j!j 4jS!j J _!/>!«* 4jLujis jjk (JJ i43l j Jl>. ( _ 7 J2 Ls_L& (_j-ujJ 

Lgj^ol^i. i i ! ill iTil 4j^jl_Lll jljJLI (4-ujLi i— Sjju ->I_J-U (j-a 3juJL>. 4j3 TT^JJ 

<j^Ji!l I jla j^^ 3 a i s*i 1 1 <*j->. jtj ;<".ll , -■! ^j.u'.tl ,-il ,lt->~, a .a "3 j o~ H 

3m).' "i a J-f^- -*i>^ _*Je-J <_j-"- t'jVI JjJjjj 

JJ.1J L-OJj-lJ ^-^3J Ol ^ ' - 3 '" 'J-*' J-lLiJI fslc t—OJJJLJ JJUJ I a-Lu_j 

( _ 7 3 L$J_jiOj J .' * '"'"' i ^J^"*" ' f H''_» i5-]j« i<-> jiSi Ij-al Jju jjLill lj-»-jlj'X~l 
tf jjk ^j jhij oVLadl ujufc (j^a >K ,jj <*-ij^ i4iil"Vt,l 4^2-iJalll CjVLaJLI 

j_sLi!l Ij^jIjIC* JJ a <3_aLc.j . 4_i 4_noL»J1 j taJjl 4 J-- J £ys L_t>.jJjjSi!i 

4__uljjj l* J*"' L7^ 4jijLill 4 aJ^'U Lp-jJj^iS " i I liitj LgJL) L^oj^JtJ jj—SLaj 
j^Ijj *-a Ljjl!_!->}j I jj^Liil I -i j aj i Jj~».^\ 4j ujLj/VI AjLtllj ^JLill ja—ic 

5_iii.| jj| I j*j '■ ■ ^ ^*\t"IIj 4jjJLiJI j1_jil j^l-^" ,_,!£. 5j->.jtj;C',tl 3jj ill 

(9) - ■ ' 

d aXtffcJ 1 '"" flj^Jallll LX S i_ali_j3 Sju^jij Sj j o"i a CjlT-"ia ^^lc Jjj^ajhJI 
L^lvla VI ^-^sI^JLq y.^ J—*- 1 4J\_Laj aJLljl ' "*" J J " '"■ "*■ l^sT I J^-)J 

«_uLljJ SjJjlII tfLilLj iSjjjII 4 jal<JI CjIjLjo^Ij 4JS.I uJI 4-ALj» 7T>J-«J 

raJj . 4ij^J,l_j /altJI f-j-^i (jj» I *J L r 5 4-ulaJ I j 4-ii ■■ ' : J^J 3j , ..I ,,.VI ajUl 
fljJi>.l (J^L>. (jjo VI (^jJI 4jJI i~il i>->jLa « Lj (jl _JjLlII Lxa.jJ j iS~ I ^ \"i 

Ll>. jJ jJSjlJ I i ' I l"t jjSLaj (jl 'j* 1 "■ (jj> jjls 2jj_^s cjL^L2j Sjlc jLS jjIjj 

cjIj jj i_^.>LiJlj Molecular Structure 4j5jj^>JI 5y.,tl ^ ^t'.II ^ 

i a. j j ii I, I I JlA (jjs 15^ t-> ilj . jljJLI (_j S^jU'.tl i _paj»|t LS^j l^aja, i^i'ij SjLlI 

fj-3i (jjs 4 ij<t -L>.l^ p_^ Ct^- J ■ ^"' S"i V jjLLII Lx>.jJj i^" CjLijjlaj (jl S 

s- j^jjl » ja*>- J i "■" I I j'l a_j_Joj .1" a i J-i k_JoJI jl 4 ■ •■ ' * j" jl aj_1*JI 

.(4- 1 jcr.iij.-.i^.u-.tij 
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^iUtL»$l£^ 




>>»2l$ gjl.lill 

*ljL*JI 



«fc ■'** *£ 



i^L*YI j»>l»ll ^1 ajtf-L* ^3 3JLUI L^J^Sjj |Uc . .ii.mi.i : (4 - 1 ) JSLjJI 



(4) 



<La_LL>iil r,\ * . .U~ti J£ JliajJ 5j-*ill AJL-a£i JU£.j_oj <LL« ^ JJt <LcJu>* i 



>^' 



4 lj 1 nj jl 31 ji Jj-a-a j^yA ^jUI L^>.jJj IS") (jl JJ ' ^".' (j-« (^ Irrj 

( j_« (_y^jl L^- 1 ^ i— 3jj*-i (jl '<»'■-« ■ »l (jj» (J-*-Jj J j_i o"io tt" 1 a i_^£- J J ' "* "*" ^ 
I j~l^,;"j tj-^jlj'C'.ll ^iit 1— >LxC. (_ya <jl (Jj^ (j-a Ljj^j LaSLfl 1 j jTv 1 1 jufc 

(^ 4^^i.a-« 1 1 >-^jlj iillj 5jl j •jtll . ' < I j ^ U 1 1 til tj J)<i~»-'i (jl LJ (jl^ I a 

oLJ.1 ^ £-1 uJ j^ ■'■ (jl Li! <jl£ Laj CjLaaLtUj oVLuaS'iM (JLc Ljj 
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jjl Li! I X <i a jjSij j«J La£ iJJ^jjo (^ <jjj>-Jj (jUoj i nil 4jeJaKaj eljjjlj 

SjVia 4jjjoJl]I (jrtjlj ijJI JM->- >- =e -P lj^ <jj| j« j^ll jl^i.1 Cjljj p-jln'i 

iLLJI Lj}LiJI ^1 J^a3 (P>. t l^a->JI j»jjl CjIj£ ^a L$Jjl^3 ^J (jj— * 

4J^ieJ,l 4jaJLi!l jljJllj 4 j i M o Mill Lj}L>JI i_oaIijj (jlSLal t ]^c '*','—"_' ^1 

CjLjjLLaj » j i i f-T) j 4-i i no i"it1 a^LLaJI JyJjJ JLae-A (^ lA>-JJ »_i^ U jLil 

Lil L$J>* i-u (_pJI SjuljJI A-ia-jJji'v'll lTjLujJI i'\ l"i VjJ (j^jjja^ll 

tjT LU (jl^ Jjfc . 5j^ Villj o jjjlj>JI 5al Ull Jl ->^ t ya ^iUI Ll3.jJjJ£3 

L^j (_yjJlj LLjJljI i_3j__flS (j-U 3Jjjjj>»il «j;''^H "jj^^l ' ' 1 i"i ■» ' -»" ■ ■■ ■ 
i—jtji^ill (Jj^-LaJl ilijl in! LuJ^jj 4jLuIjo.Ij LlJlSjs Jj.l> ) » jl-~ uii 



4^ mill ,jl5 Jjk -J^IjL; ,„1lj ^rt mllj oipilaJI Js> LD>Uj JMi. 

<— >jlj I'lllj ->-^LaVI (j*o LaLaj 4jJLi- 4 jjjj 4_iJlC «Lxa ■ . -j ■"■ ■ p«" (jl 

^ Ijlaj SoLlI 4jniU 4_)a^LJI oU i^il fljie^ uil VjJ L^SLJIo 

4 Vi i nljj »'t "VI oi iil*a- 1 4_jjLlajSjI -ji mil (jja 4_i5j^>JI oLlII a^SI" 



«iLj_LiII {«__3Lc 4 tj ii-i jj Lc i b i U I j ^j La ( _ 7 B 4 '■ jjj ■ ■■ i-^- 

Richard Feynman jl a m4 jjl iijj jjum^j^JI JJt j ■=:■» C7 £j >J aVl 

There's plenty of room at the Jpl Ul ^ j±£> «. ul« oJLl* » jL 

L*LflJl(^l!l 4-iitjjLJI 4j > »iL>J. LJIj^£. 3-^j.^ll /.'ia,-. '.K „hnttnm 

(j-a SjjLi 4lxl si ma (jja «Lj)jaLI 4 j ^j^^fl 4-ijlajJI 4ial^f J^r>- (_, 3 

flj^aAll cl alt* ^j-a 4j£^ jjjuaa. ( _ r 3j i 195" j^a ljiJJ ^^4^" (_^-JLiJ 

J i-->l.J 4J L«jj£1j 4_aLHI 4jJLll3.VI tiilj jj iJ-1-..l I . ^»j .^.^- |j3l jj jJI 

5>jU- L^ JL) ^jJI jaSLII ll^lS^a ^^k. ^ 4lii^Vl a_^l JLiVI 4_JLaX.I 

. 1965 r UJ *L>^JI yj- Jj^ 
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IJ9^>L>. LkflLii I j j i n"i ^ t-^<* i <-ij-w eGjjisLsBja (_^a (jLa-ud pj j| ji^j 

1 _ > ^>I jjjl i • I l~i j^yici J j ■ -» — 1 1 4jta (jjJLjJ i^JJI Ji-iiJLj Ltfjlj j i- 'j\H 3jLc| 
ji^ , I j~, K j A, SjLcl ^Jj^ 4-Ljj^sVI Ij'l'i ■ (j^l LaLaj 3 .i l~ ~ t I j 3j j >>" t, I 

Sli'iicliiio 4-±l> (j^i Jajp (_^JI 3j liULI 4^MjlII (jjl I ju* 4JUjJ j-=-ji 

^CL-3 (jl*"' 4_LJLotjS l ^dI^>. (_^oljiJl i>jut o-iLS frlj u » I (j 1 1^ I jj>- j SjULI 

■tg'it" L«-4^£.j «Ljj^J.lj ij^Li^aJI Jia 3jLo ^V 4jSLiJI£LiJ,I ^^Ij^Jl jLa 
1 j"< ; ■':■; LajjLdj L^jlji -»>»-j (j^Lala. S.iL»U 4_iL>.IjJI SjIJI ^^ iil!ji£ 

.Crystal Lattice i^lJI 

f_jl OjLJul 3 \_ujft CjILjJj (j^o 3j_iJdL>bLl Liiij 4-j OJi^-ojI La^a ja^pl cr^J 

J? 
i"jIjjjJI (j-a dl-». ,,, ^Jj (_aL<Jaj 3juJl>. *J~-J^J '^"' 3j_JjJ ^jLjjij^tl j j -r ii"i i_ ij£ 

t 
i~iJ-»- . j tX" : II i ij-w^lJI djj>. ^ ,JL («J jl i'm"! 4^! jLii La (jLa iA,ull iinll 

fc^l^JI ^^l^ (^ tVill c_uL>JI 4jJ3 jj-iL (_, olr JLti. Jj-~^ja <OLj "t>.L^La < rtmj 

Cjljj 'Ad-'"-' 0' l>* *^! I^JJI La (_yJJ OJI JLJi cliUII ■"■■■! Ji^a . ' ^^IaaJI 

Jjij ijjwljjl jiojjLJI JjJ La (^1 LfcjLLa^l Jl^lal J*l iJ-T'i ^Ij i3.il a t^l 

^jLuaJI 4jJL SbVI jl 5L ...j II ^l^j a.SC (^1 l^laj i^il jj .}Ll*i" uui Ij^at 

Manipulation I # (-^^LiJIj oljjjl IsLUI Ljiia l^I^j »;!•,- ^ ^-ji 

jljj, olj j jljo I j-» ^ ' joj i^jjiil «_ii>lj-a (jjj 4_il injl Iflt i^ilj^a ^a I^Sj^jejJ 

4^JLc (^yal^jJI 3j_i<i"ia JL»jVI 4jojL) jl^a l j J a 4jj^1j CjISj "j (jjaSjJ ^^^.l 

till" Aj^j^sLtjaj 4JI f-^JJJ (j^>J (*J ^ ■""' (jLajifi JJ ■ -j'jj ;^ (jl ACijij . <;l J VI 

I j 1 3 1 ^jjJI ^^ M.tllj (_jjL>JI (j>3JI 5jjj j j ■»■ <i" 1 (^jVI 3jlj ilJI ^ilol J^ 

i irtli 1974 ^LlII ^ Norio Taniguchi w ^ "j «/■!" jjj^ t^Liy (-JLJI 
^jVl » jiin'11 Lo-jJ^SJ^ ^ju rjUl Nanotechnology ^iLUI L*.^J^X3 

.(SjaVI aJlSj <Lj u^<L3j jljtoSj (jj^ Miitlj (_£jL>JI (JJ-3JJ 

3^jiS^ "lUl^i LasIj3 i'.'s^P j^ 3^jisL>JLI liitj (jl uJs liJ i Sjij ^ "jij 

j ^_jji^a a^jj I (jjj ^"u (^j IjJaj kiUjij . LLiiil I j ■ ■■■* ' Cjj-^jjS cLjiliLaj 
jji^jj-ufc (jL^iLj^uiJI (jliLtJl (jSLaj Jl^j . 4^j^ajJLI 4jol« it <CjISL«j (jl o m3 
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jLillj rii "nil iffd &iU\ 

j^LuaUJl K(Gerd Binning iv,n a L^jj Heinrich Rohrer» j>a»jj 

IBM a£T»_A, o>L*UJIj 1986 r l «JI *U>^iJI <ys J-j^i 5>5b. ^ ^ 

Scanning Tunneling Microscopy ti^LJI nA;1l u-jjSL^.j^LJ.1 ^aj 

Ju_Lsoj SjLal! 4jjLvVI CjljjJI «_a j iLtil |_LaL»jJI ^ya 4-> USLaj i~.j-». 

<LiJLui 4_j_k^jSjJ ■ " 1 1 '. — .~ ^ j .'->*■ J^L>- (j^» « jUi'i uj ' . 'J^ ' "3J ^} '->-& 

l^iijjLa^j jljJLI S_1jjlLJ 4-l>.jL>JI n U...VI ^ic Sjj^.^1,1 oljjjl jl« ,*". ...I 
Jl*j iLal£ Jatll __>-"»Jj i(5 — 1 |JSi ifoJI) Ltfjljj i .'j"|>ij JS- ii JUJuoj 

. (11) 1986 r UJl^^iJi 

jJLus jJjI J^ j jj<JI ^aUJI jL^JVI I j & j\ i LiA J5UI £jJo^ lm\j 

{jn < Z < \ i'mI I (j-« «U I n~i i a «_Lbjj 4jjj-Laj 4t i.^ CuJ I i^ij-v (jL»J_l3 jj r mjAjj^J I 
JJ "'J^jj.' lA -< -' lj' -^ < *- l -^L>- ' j-JlJ ^.J 1 *" Lr^ 3-iJijJI 4jlji'r)l^j^l ^ * 

4Sjj Jj! j_^> ^ (12) 1981 f UI (> ..Eric Drexlerjl ,„<jjj dij» 

^'iti tga. „> »i jjUI Lj3.jJ_jj£j ■*'! **;."'.' j ^ *"'.' f J ' *"*J " L7^ ^ -! '"*".' 

j-«x. ^1988 »L*JI (j 3 cAP \S'^ 'pi q'm'^ lO— ^ u^ J j' ■— "-^ (*— ^j 

5j^>->LI iijijJI s^jVI l^iiiij (j^>- 1989 aUII ^ IBM a£j ij J^i 

JjL ■- La 1 ■■ (jrlc |Jj-3-VI _j!j 3jL»-lj L^jjjjJ 3jLcV 4j ^Lllo 4^Jlj L^Sjjjhjj 
!_Jj !i \-Qja\ejh i—SjyjtJ Lij'iS a 4Sj i", 1 1 jl< i", Ltjs JS ill 1 JSjjJI ji^ (jja 

tPJI .SjljIjJI 4j>*^JI »J-a ^Uo JaJj . i(6 - 1 JS iJI) 4jjjLi LajUjIj 

JL5 tfii JLaj jjj« <ULJ Lax. (jl 1 "j a JJ ■ "J a JIJ .'^ j_/l af J> '""* I SJjJ^u l1i«L>. 
« j * ■ ->" ( _ 7 J3 «. JlJIj j-iLLII I j-^ .j!j»I<* j .*-■- ^JJ aJLiJI J_jj>.jJ i_ll__jjl (~iir"^ 
Ssijjj cdJju 3 ^ **"~~' ' J 'CjIjjjsjju <tini LgjaLai3.l jjl-arTi V Cj'jjIj 5j^>. I 

. tCj^iaj JiGjj (jLaJjiS 
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SiLLj JL>- Lu>-$2fJS3 Li*- ^A JA ijjUJI U*.^J$j£j 

^ AjjjLill jljll aI.It-'mi! (jl (<Jc La Ijl (<U>^JI i^jLiJI (jiAJuj Jl3 
JLsta (jr 5 'Luab- nj\j uJl jjja CjLua 3.1c | _ 7 JI *-j*-^-j ''" ^j ■ t-*~tl jj^a »j 

jjii 5uSI J0J <ll ol ^>«il iJ^SUI Molecules ■ -■> ^r" <_£ J l *->h 

4JLj^j ^Uill «l^«Ij^j ^ ft j^w ^ Albert Einstein jjl'.iwjT o^Jl 

i2jlljjj>- tJHJ-^J _^ .':."■ il a^AjC <*^— ^La (j— * i— ij-3j Ls JlLo ijIjj__jS jjl 

j£LjJI (jja jl>.Ij n£j^>. jLxjI >_ il in-v (jjs ( ^ .^ i i~ij->. iftULI (^ j£. uJI 

(j-a («-Cj-!l u^£- < al ij£VI I jufc . JL>.I^JI jJLajJLiJI ^J-tlj V <j| _1 ».jj 

cjjj«l]l («j tillj^j .3jL«i! iJ^SLLI oL1j^>JI jUjI ^ylc i_a^xlll ,ej <s.i-». 
^«; 5jLj3 5 uo^a aJ .-.->j"1 ^j il (<uj£JI ^jl sJlj j -./.y.r. 100 

L*JJ 1^1^ i njJI ,jjj-3JI j^yJS 31 r nil I i4_lJ^JjVI jljJjJLl 3jj^>-ji.l jjJljLiSjl 

s 

3j$^jJ.I Stained Glass Window (j^S rLwpl Jjal^j jlaLI j^ q^SL 
jLLiflL ^h>>JI i_xjj>jJI J La ;_yA 4j_jJLj cjI mj->. <ua J^-Ijuj ^j !lj iL^j 

**;;;•*■ J^ j ^ a ij^ 3 <— 3^li>-l (jj-^ "— ^3j JLJi 3^ LaSj . jj^ijLiJLI ^ Al*.^- ^ 
jl uJ illl 3^-&LlaJ L3j9j I^jULo LjjJ ( _^ r laju i_< AJJI ^La '"'' .'^.'"^ j) * 

^ i , i . ,,'ij (_$ JJI .SjUI ^ia lJ Light Scattering ^j.MI ^j m^~itl 

rjJuJ LU 3jj*LlaJI L^JljJf jLa I jj .djlr LaI^j ^jd! Jjjll SjU.1 t_< l^ 

/_pa <«^J-" Cr^J ' ' *J (j>^^ "^' *L*Ll1I 4j aLfl La jjl j^ jj-aSu JIJ ijJI 

JaLpjl <Ua*-^La ji 4 uu 3j^UaJ Jlusj Jj-*-« (jL^ t4 jnlill (a gjlcljuj 
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ixJjjU , UVa^A-.O V LijLa ajjJI Lai .^jj-VLi I i J La JSji^l jl J^jj^lli 

-ilj-a * j '" ***~J T^J] w/ \c SjjLill (jrA^ i4_*^aj 3jUjL>. <LL>*^-a ^ 11 gj* rtlLi 

!_L4 JSj . 4 j a j j La^i 1 1 CjjLaJ,! JS (^^3 IgiijWjj <<4jj 4-a .1 a' a 4jj-iL> 3j__£>-lj 
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}MilL*tliiAd 




-' — ^lc ij^j^ii i jj^J i j ■ - '■ - ' ■jtj-u L>>i£-4 I B M iSj^i jU*if :( 6 1 ) JSjiJ i 



(14) 



lJSLljJI l jja AjjAfl 4_>«_i^Ii 



^j* ■ -— "^ Jj; --J 41^1 1 ii j j-A ^ (4jI J Jun- ^^3 AjLc J I 1j9JlA (J-ujJ SjLo <_£! 4j-lj-I 
^jJ t-j im*i^U ^o^TI >^J^JI t ^Uj"t ^ I ] '& *i" 3jLqU 3nl"->U (_>^'j i<J' 
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(PjV) 2L_ulll .SjUI 



4-H-)Lln-' ffl'^ll i ft n~i 1, 1 i^jLi!! «_a > i n.LJuJ ,: | 

,1^15 S^a ill Jj.-^l^'tl ^a Jj i.jjt (jjj ;>] 

i^jLilJ aJlSI ^)l JijiJ.1 (j^a (jjSLi J^ d Jl^ ;J| 

LaLc. LusljjLi lJ e_iLj£JI I JL& 4jI Jlj u ""I vP 

^jLJllj (jji mVI ^yit <L»jj ui ijuwlj^j -:'f 

ijjliil foic I jjl<* (j^i uG ,_pJI <xtti*ll ■•"■!; 

Lal'vj <jl£ IJJ «a" ■ -»■ . «!«■<* I < .l*~ .-, />la^ 

•^ ~ J -.?, ■JiBjCjljjiJI#J_»JS jV» 

S^L* jl^VI ,> oKJI I juk cy JjVl ,: ^.^.^f ' ^ ^ 

J • •* ** St • "-^ ^^ J--- J- ■■ j' J»i- -M -" 

l^jlj^-.l 2 : l^.l l ,-. l; j; U-,t l ,U r , ^ S .u^LJI_j <l_J»JI ^,-^j 

Oj£ ,jj £fjl 5JI fSJlj*- 5jj « .^Ul {:'"■ .LL.^J^,j,.,-»II ^jUI 

^ ^ ...A'. 4jJ| ^jGjjl*. U, O sti>. J^ ^iJjli 
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3jUI 5 j rttUL J-oLij aLc ( _ > i3ljjLJ lj/Li i_jLj£JI ^_ya tj^>JI I Jufc _^Jo ^1 (jl 

(jja JUJuJI ?rl^J| (j^J (Jl— »JI Lij i^Jjjlaj ' **_ J »^j_jLlJl ^^ I J " J J * " J 

Traditional ajj^IUJI s Ij^, Engineering Materials 3j ■■■ '-jt* jl^ll 

( _ r ol^»- jujl^ij ^ L^jljj 4 i « I" U ^j^jJIj Advanced s^. tv.tl jj L^Lo 

J 1 ^ uJl J' .aJUaVI ^1 J^UaVI <>L ^-fljukl <«J ^f O^f ,jt Jjtj 
Cr^ ji)^*-" <X)LaJI Cr-^j' — "^ (J 1 ur* cr^^C- «^J^ Jj 'lAU — ""^ (j-* £>* 

JLLa i jljJLl <LcLi.i^>j £^1 (_7^ *^ i nliill j ^yiejjLlII JjtVilt ^j'-^lj »* ■ -I 

(jl ^ <- ■-» --». 'i jja (jj^l (jt ^^,-UJl . ^JLJI j i^ir ^^vj <_£j — «J1 J ""»<N 
SjJulIJLI f-1 oj Jt i^jLal JLSb^Luilj (_^ol^>. (j£. ^ *—■■■■ * <xoL>. l£1jJu (ju /* l *" > ^ 
'PJ JjUl Lj».^JjJSj t^lo ftLlj jLauv Ij OLaLi- JL*J (_yjJI > JI^JLi (jja 

— JLc i i'^ (j^a 3j j <i~i 1, 1 4J ml mil £JlA «.l^^ jjLi ^Lajl (j^a (*^>ll (__, If 

4j iiJ_l£.l La (J£j .^jJt-Li jl Sjjj^aj CjLajl«J.I tlilj x^JjJj^ljJJ iajJtll 

ajLJI tfLva j^JJ j-rn Vlj <J J-A UlLvj ^ JJaJ Vl <«J>£JI i^jLUI I ftjt 

4 «~ <i a (JJ^J jl ,_)-al — 4-*j^-<-u I i"il-».j (jjSj l_3jjjj (Jj i4 iijot II 4ji»L-u VI 
— *j ■""* I (_£ JJI i_iLi£LJI (j^a <JjVI ft>^J' '~' Ljk Jj ' -"** J^Lk. (j^a — S.Hiiaj 

. LjjLjj^^j SjULI 

» ■>> ; »" 1 _ 7 jJI 4-ijLi^xiII (j^__itj^JI <ljJbLa j^ Luk Jl cuj (jl LU ^jj 

JlcI^j /«jaj jl^JLI tiilj 4^3. «j^j Jjfc ^L^JjJ '<ll ■■■~J ijajLill jljll L^J 

L^jt a! ijJjJJ j±{jt~»W («JL»JI Ljie ijij ^^lll 3jLalI 4jSLjjj,^ISLII 4^_^>JI 

tiij^lj i_>^La Ij I ^pjl 4lljL>JI 4_uLj^iJI ^j^liill i<||q ^yfl JJJU 

I j|j ^La^j j ■^■<* 4j^JL) {jjj r..m\\ (jjill j-a ,_jJjVI 4j uJI sL^jJ) Jjj^ 

^jjl Cjjl (jill 4-"ij_I.-kJI tl JJ^ill (jiJljil - .^~~ 4__j^jLlJI jljll tL< il£ 

' 'I j - ■■ »l 4_j_&L« J_a^- Ju-jj Li-A jJ'J—ijJLa ■ ^j X 1 1 su^iiJI Sjjj (3^-Lajl 

(j? jjtjiUU j^a S 4.^-j l^,>ISL1I j£. 5j^JI «ju* (jJJ ^jjl ( _ 3 ill SjjJk^^JI 

Jjl joJ (_J JJI ii—illSUI I ju* 5»l^5 (ji Ljj>J >-"-< i^i Vj I < til II fljuk (jia^laj 

(3*- jjje 4JI CjJL>-jj i | _^iI nil! 4jjL£ _^J£. t^-*' ?''>■ 3jj i^> ^^ 4 « i '.-> I (jl 
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ui_j.it ijUftU „ij*i «_jh : ;«ai 

£ys s.LaJju! <LxIJ i. < ftp La 4j_U (j\ J « i/>t (jlj ijjLill Ll>._^JjjSj d_a ■■■t' a 



SjUI 



I >■•»"..■ I ,* 



a], l-r~mt\ (j^a (_j fl~ i i V<Sj^ i LjjLj*. ^yfl I jiim'ijj 1 a $* 'jj-* -il_J-U L^.P 

t jjs villi ^yS (j» I fl '* a i4jjs_jjjl I JjLp. .-iltX-^1 ( ^ j9 SJaaJ J£ ^,3 j|j 1) 

Ciilla (jj I ' i lnVa ,jj£l V j^LJa . jJ>~\ (^JJ ^L lVun l jjjsj 'L^J^*-' Lr^l * J La 

cLuj jjl uij^l iflLflii *I^jI ^ya I^JilJ^^Vl jjjJI 2u>-Lu3 (jjfc jljll ji 

I Q a ) rt" t LSaj JjjJi a-ijJsjj i rtjii<Vi («jj (j! LujX. (jSu («I3 I jj . ajjLia*. 
<4 rilr»VU 4-ia.jJj iS ~ 1 1 j 4acLLua.il <*■! ^j .U>~ll ■ jljj,l al, '-»■" -Ij jrHjj (_y3 
±%J\ {y> >»jnitl (y^j .t-JjuaJI OljLi l^J 4j)±aJI jljJLI (j-ai-Vl (jicj 

<cjJlXI l-iL oJI .-.i ■»*■; a ^jja l j^'a j -w I jj I j^AIt , <llj". ...j ^yill 3-ijsLUI 

JjjJIj 4*Jualll JjjJI (_yS ajjjij jjLa . IjjJ lm CjLal^c$li£ 10 j^o JSt 

. L^iuu LaljiijL^ 750 (>» ji£f .'iij-...._. Sj^iJI 

( _,J3 (j> jJj '(%*" 1 1 a I iV"i T I j 4-oi i.~~'')VI d j o i~ 1 1 lLjI^jIiJjs (jj t_j ui>.!j 

pi -»-~'r aj CjL»-jje_a (j a ^yt^L^j u<VI Jo-a-iJI I JL£J ■ La j"j j V <UjJ jjgl 

.dily;;t,l > f l I' i i'Uj-| .jiJLI iSiij L^il j 4JjjJI J-j-h ^ilVTiU cd—lj 

CjLajSL*. SjUjjs i^Joa w lc ;»jJJJ Jj 'plj^ (j-« c^^ ^ £ ^*^W '■- ) *J 

ilaj^JI ■*■! uiLuj Jj*^"j \j .' " d J ' — .' | ^* > ^^- 4SLp»j » Jaj ^yS J^jJI 

,j-a SJjjJI (jSLajJ (ii i2j 4j£ I * uaJI CjLcLtaiSlj ., 1 » 1 1 ('-,->■ it| Qy* » 

jKaji JM«J 1 JJJ^j'j LjjLb'i? 4jjK*hVIj 2_iC.IjliV! CjUKc^I ca-Jajj 
Jjjjj j-J-«J Lr^ ij ,a,t ^ Sjj) U"i a 4j i^.l i iti dlijlaf.j d'ij.l.-t. CiLia-jJj K"i 

<_oj£ Ai^jta (^J (jL^^U 4JJI 4jJfcJ 1^ JJI (_,£.! Ju)/I j/yfl-.tl jL« JlSj 

JjJULJJ LgIc.Lu-0 3jl cjj ejLai! 2 jl-^ljLJi 3jijll ^ylc 4 ioj^U J i-JUJ 

_al LjjJJ t£j^-\ J uo[ld £ya Cjljj 4^i i>>| ^Jj^ls j c 1 *j . .-t ■<- 4 jajb 
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uLuVI 3jLU JSLiA ,Ji.l J 3 1, -.!",» (j^SJj J^ i^>i-l jljja Cjljj r * ■ -*1 
4jJjj (_5JJI (C^I.1 JJjJI i^Ju» Sh^-lll lillj Ala jl l^VI i^Jjjl , I rt""> I JJ 

jLal jLxjI^j I j ■ ^» I j a, f- .; ^ «"■_} SjLJLI -*'l * ■ -» (ji ut»o ^^3 ( Ji-juJI I jla 

cxji ujl .jljll ^ SjujLa. uj^LjI^. j>I ±* w II Materials Science 



,_ylc (jl ly'iVI j^lo ^jI-1-jJ (jJj^l 3k-»UI JlLo L^jLiiJaJ 4j^j <_vJjL±jj 

3-3cj 4jj__»IljJI i"<t'^J (_yjJ' SjJoLSJI 4-Ij.i.iu C — ■ ■ -» I **» ijjiajVI ■- '— 

tLnJLLa (^ !■"! ■ ■ L4JI Ljj it (_yjJI l£>^^' <Li£.LjjuaJI L^jIj^j j^^— " 

t jjj ,~n*\\ JiL>. LzjjLs ^ jjVI * km I oljjill ciilll jK j 2Jj 

Lt^aJj i^~i 1 1 » L«_A jj^jjJLlLa Lf\__JjJJ j J ■<• ri"l ^& 7 t - : *-i J L7^ *>i*"^ "-* "* 

j-»-Lj ^j-u-Jj ilj^>-lj ».~.VI ,^.*iVI j 1 - 1 1 ^ j I » 1 1 Lx>, jjj iS"i » /oj ((Aj^i^jl 
3jjj» (_yJfcJ (_gj mi j II ijjljJI (^^ «j^j ^Ur V aj j -r ii"i (]_>£. (jl ijuVI (ji^l 

4_l3 (J^Mt'l |_£J II Oj"*" I J^ l^<l Mil CjjLcl (jyjJI «J JLjJI I J3.jJ_J-i£j 

.'■l-«-l ■»■ in 1 ' 1 1~ j cjIj^IlII ajufc ( _p oXi .((jjLlJI I J^J^J ~ dj^" ' . ^ a 
ajUU J « ■*■* (jl Ljjj-c tj£*J (*^3 1 jljJLI '"'I ^j;^-"' ^>£. ' ~ • ■*"' "' Ji^ 4ln*>ljlJLl 
-I -|l»ll j^'°ij J a£. Jj ij jjl ,Jj^ 4_a Mj^Lill j-jSLoj (jjs jj^al j_t>JI 

. LujJ (juij) in-xU mJjUI fsJLtJI J1*j L^JjSLI tiilij <(>i>.LjJlj 

i-m-^ iSjj iJI Sjlin-sll «lJj ^ JjVl u mnjjl J>»il 3jUI J_»jj 

jX3 ijl JlLo 4_ujj-»-~itlj 4 j it- j II cLftlaJI x^Ij-jJ f\ V in J I 4j>I ml, I J'-^i 
4jjJUJI jljll aJlVhhI j! ^l jjit^aJI^ jL*j>.Vl aI jL5tJ ml mt^ (j' "J^l 

. (jjj mhIIj ^$jL»JI (jjill 3jl ii*>-K « in^ (_yi 

Mr^J SjLua^JI » iir-> ^^3 SjLI.1 5jn Al ^Jb9 i«Jj^u ,3j lm L«^ 111 (j^-p 

I j 1 ^-> I j^ iajjtxj I ^ n 1 ^-> j (jja JLJ V ljuk Ja-I (j^»J • I (j"" ^i 'J <4-d VI j»Jl2j 

1-1I ^j .tv.ll ^__a L^jL>-j-5tA (j— a * ■<" ■ ' (jl * J^**" mu ^ "■-*- 4 jHi»^n"i1l 

j£. tl^jliij J l>« jj inii~i » 1 >> j j^a JLia ijja 2 I 4«ijii-»- ( _ 3 __3j . 4__itlitJLI 

t j J a 4jjjJ,3 ^1 ■ ■■! ■ ■■ ' ^ j j » ■ — i*il -j . .,->- ( j jS 4jlc ^j" -», t Laj SjLLI 4 r jjtLo 
4J3.JJ1 J^ r 1 -^ ■ '- I'^l ■'•■j-^ .4-iaUtlj 4jj£LiIlj ij-o uilill J -^Ijll 
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UU1I ; jUUI ^J#il UbJll : ;«l»l 

SjLoU (_ij^ju j-uoj (_y3 I4J 4_JLl!lj 4jLl iJI iJa.lj.LI ijr £ A^j^Laj (j— c 

Liiajl Ijnl'-^lj i 'J "" J"^J LgSjl ml 03, \-r aj 4jju ill Ij j 1 n <i" '"■j ' "J~_J 

1 ' LI") 4j&Aj 4_uj_a _>J^' <-1>Laj <-u3- jjjs Sjlil 4-iLC (_g_jjj»vj La i_ajjj>j a 

. ' ^ J ^ ' J >-_g 3jULI ■"*' 1 j " JU J "»ij ^^J3 L&j^-^a tjlil ft j 1 ifl J *Ji 

3 illl ■ i..-.jt jjjjjj lJIj^jiii^IS 

oLjJaj oj i-.i^jju ^jdl f- j>UI (_, <!<<;" II JlSjJI til! j j>a (a^j-II (_, If 

tcjjLj jjLs i(jlSUIj jjLajJL 4jS^Lz,j (_gjlil ft ILtJI 1 *jj «"■ ' 4_ioL>JI jjJJjJ 

aIj^wVI uuj 1 nj^j al ■ — >-j1 ljJj -r"i < fi_i*s (jl u>jVI '-3>^ (jt - L "' f -^' 

j£1xj ' k flj 5Cj Jlj La I JlA Liajj cr'ij '^">LSJ! -' JaaJI tjufe (_yfl 4jo.L«__uJI 

.4 X_.,.,\Ktl pLj^xaJI (<slc. ,_p< uijjs f -Lili (jl uoVI dlSj ^(jjjjj (3* ^!» 

iJlSLaj IjLpcl (aJLic^flj Sj^i jj£j?I Lr uo\ r >jl\j ^IjjfdJI (0JL1JI JUkJ < c m%- 
»ljj.Vl 4£j^. 4-<^ljJ i^jUJI <_jj£ uJlII (jJjoJ p-j^i-l JLiS ! J^UsVI (_yic. 

^jjufclli Lll j ■ --'"J 1 Ljjljjjj LjjSjj«J jjUlj^ Ljuajj i_»^ijSJIj 4jjL«_uJI 

. 4xiiL»JI (j^jLl U^jx. 4 1 . v. <^ 

(jj^ij ^ij J_3j .<jLajJlj jjlSJllj 3jl II : cr & i±jMj CjI aJ£ ^^lc. aj 3j 

J J l«-» 4ljfll (_ylc Jt^JJ d< , ,.1 ■,' «j» 4 . 1 ■ -. Sj _i .K sl\ uiA.1 L4JI (_ylii Sjl II 

Lr A 2jjJI jl - (JJJOJ (jl - '^"«*l L«^ .Snl'iVU aL*j>.VIj JISi iiVI (jjo 

. SjU (_$l 4_JJ ja u^lu (jl (jSLaj ,_5JJ1 i^jUI (j_aSUI I Ju» ^ «.jo- j i^sl 

j » * — " u^ <LuiLijXI oLu uiJkJI (jjs 2jjjl CjLjj"**- a ^LiC. ^ i » J lji__4j 

djuusj (^JJI t_ajjjjJI IjUb jjj« Cj LiajJiSj V I j ■"■! Ja>IalJlj OLJajjjjJI Ji-a 

4jjjJ 4 « j 1 <-» SjLli cJsjjjoj <Lu»L»JI <Cj^Jaj ^j Lc (j3_JJJ fl ■ «a I Ji^J 

(*Ll»j ^jj UMJaf jjal't L^it i-j ^,^11 3_ii nilnll ^jULl (JJ I) SjajU. 

(jib^c-VI i_aj mljiill lLIjUIj 3jj^»LiiII !j a tfja£j jj^Vl jJuSi i-uVI 

i4_uujj^Jl >ji»Jlj (jjSju 4 Slt'U 4 ^j (fcl a aj «jU ■■■j'"jjj •"■" 
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360 j»Lc (jjl j^^j ^jJI l^aJLS (j^a (ttfijJI (^ - i^jLJLI tiilJ <^1£ i 

.5-cjAiII ftL^jiJI jcjjkLiaj l£->L^» 3t ij (jja 4J3IJJI jjt> - jMjJLI JjJs 

4j*»-jiiiI,I 4 iiiji^tl r-LjjIj i_tj»»jj dJl <i"iinl t_£^i-l SjLjju j! L4J t-jj cr^' 
(Jj^oj (j-al -i-ia IjJ . ujjjl (_y3 ** ■'-~j*tl ^ tttc j (_jla i_uaJI j j ■ -» * " J^Li- 

l^-iUU ^jijSLII 4jJjLj (jjnf j ^-"lj (j'^f! Lr^! lP 3 -?-^ \bjb (_£.5l Ju3j 1 j _i j <" 

^ , ,.j it I X 1 ^r- I ,<5j \l I U ^j'j^' ^ ■» ■ ■■!* '"« ■ >j ■"■ .jjlo *t I Ijla jl^J (_y4j 
4IjIj ,._. *■! A* 3jlc (Jr ic I j-^j <^» '"■--■ -jj eL^iiJ djjJjsJI 3j<j . ..\1QI 
4jIjli (_,i»-J (j^»jJI (j-a (JV>^ iJl*^ ^'"^■J3 (*^*JI (J - *' 4_ajUo Ifl'ii "if I 
(j-« SjU.1 4 njnt. (j\i Jaj_>JI <*JL£ _J-* L^J (_>£j <«-Al o^J 'OdJ '"«H U>ill 

l»jL<aJI Lull ^Jl IjLs lJ tiiljj .4j Sjj^jJtl jjl£HI jl .jl oJJIj 4^>. 

JoLiill (jj& La^j^jj (jl <■ j L~~ - - ' a a^'" ...t^tlj d^l.tl 4jj,j jJLI i ' U'i ^jL_a 

:4_JL!1 d^l 

cjI j - Sj JJI- cjL»j lal>. ^ 51*1^1,1 SjU! (jjl ul ^yic (jj£3l j»L_£ • 

.iflLLsj a !"■< " 
,ya aU j£j 'i^jlj »JI fL* >i)M .«.jjuaJI ^ 3jLo ^1 4^Uo J '■■)" • 

Sjljjlj L^jl <*■(_;-». nJj^JI (ji 3_.._..Utl j aIjUH 3 .°:,at;t JLstA V • 
i'k i<->1I j»jij of 4ait ,_gJLlt i±i»-LJI Ji-jG JLst-a (j^ julJI JS^ 
3jjjI^ i~ ■ ..VI > «~. 1 " 3jlSJ^s ^jkl^li Lfcj\_Q^.Li i_ii__lj_j 'L^Lal 

j! L^JjjtU 3 j^Ll .-.I si j".~.l ^t ^^ Jj ^| iaoVj jlj <~tlj 

L»jja <± < -»■ U I >^)-wj iT^jJ ■ | »j''-~- Ji-aJ I juk J^ (j^? ' I ^j _■ ■ -■ A* 

dJJj {jjt («£.>II (jr^-J -cJiS^ J^ J J. V «"' ^! JjjJ V djjV^a jLxaS J iJj 
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Cr ll! 4^jL>JI <LmLlII J^4»JI r^"^ Ju 4 5j^»L>. i4jal«1l CjV! xX\ • ^l*<~« 

.Kelvin <>il£$ Faraday ^jljl—fl Jlo jl J^Vl »l«l«ll olj Olc L$j j»L_a 

cjVLju <ys 5 ja.1 uf\ ^UL^I l^j^-^l jjjJJI .Herschel J-Ju^jj* 

juliu . J'ilj.>.j'aj jj__jjjj jUiaj iJAC £y» vilLoJIj pi j^_loJIj *l jujStl 

4_i£_uKa«j .»L_ui3-Vl 4£jj>. jj uJu u& (-A'm't iljL* CjljUol till j (j—3 

JLSjjl ixij^j >3 abim J^aJ.1 oljj (j^j 4jjL>JI 4_jjLajSUI oil cLilJI 

(jjs till j julL L_« (_jJ!j >>>-l (j-11 f '"> i>* *>«^aJlj *Lj^SJIj SjIj ->l l 

(jj^SJI J^L>- 4 j«il«tl Jol u^j V I L^j > ~ . <t~ A I Aji^ji 4 -ljljJ-j-3 Cjlal uuSl 

. (3 ' 2) OdP^ 1 LLH^J 2i^JI 43^1 

43bj*lajj <LLjjI^ jjLj jj^-S^J 4_~u (_yl£. 3-Aj J- /*>/ j»l-C (_j^ ^^jjjj ( _ 7 ^JJ 

tiili ^ l^iLi . jjiiJIj 4jjIjjC< u-VI L$J < r"i<*i i_3j lm SjULj i^oLiJI 

j|__u<j j j «" ^Li I j* I*n » lj"«IU> f .L~uj_j I a \jl^. ■ (j_*l (j^iJI Sjull (jl i*i 
(jLojJL "olil 4 £^L«jj i3jJJL> <UoL>JI (^>jjjj cr* ^s^i »L*i*JI f I usl 

j*£.j 4_u — tuj (^JJI jj»VI ijLajJI (jja lTH>3 (jlc. ^j^j Lo JI_j — L (jKIIj 

ltuI ai!! ■ ( 1 1" (jl j ■"■*" » ljjLjJI Q^ill (jr a CjLjjuaL^JIj iLj_uiJl il—olc 

(_Lu3j~J! jsjj JL3 ( _ rr jJI 4jSL^_LflJ!j 4 j«jj1MI j_AljIajl JS (jriC- (1) "J<j" i— 3j-ui 

<ijf (j^a 1856 j»Lt (jJa ^ Thomson tjju.a^is ^^ JJI ^UJI 4^1 

'"■j**- 4jjIj jjjSIj V 4-il^S (jLs i4jj_^S d :-» ■*.. La ,-> - ■■->■■ (jj-a Ji {Oj La I jl 
3I*X Jul^j |_i j t it a jla . b»^. V , > "i'a t<i i n^ll iJJjjhj «LSI ( _ 7 ^ j j t"n L^jl 
(j^>JI iilJj JlLbj . 4j£j^- dx.^-uj SjLjj f-^ *Ij^SLILj tjj ■*■ i"ii 1 1 a in^ll 

\ ' ■•" ^Ll p tn^i^' 4JTo pL~U ■=* ji""- ' 4_i-oL>JI ^jJJ-LS 4 J (X^^ '"■"*■ ■ ■ ^1 
i_«j^ L^i^l '■"■ LiL^- 5 -^J-*-* '"■'*.'"'' — c| till #L~u ,_ya (jJ^JJ I > i « — 
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ji-ljl ^^3 J^& ij' LJ-] *W^' 4-ixliJI 4jjL>J u£ (jj i ii ajla j iwnil J3j 
I ln-v ( _ T ic- (j-*>J i l m^ ijjn'iH jUjlII jjja ^/jjS 5L>-Lia j_ic (jjaLiJI (jj-iJI 
i3jLU 4jJI p i ii ii ~i j! jJ^-AJ ("j '"^- j« ifi I ^j-* 3j jJI (jl_i Jul__i^JI jLalcV 
i— ijIt-'IL i'i ntj JLjLuJI •> j j '« 1 1 till j SjuljJI 4jjL*jj (jj i n aaia JJU ' *'« 
i-il „j ...-»■ tLc.j^-y a l ^ j0 i_iJOj SjjJI (j| jJAjkljJIj 4_Jj VI /«jJl2Juj <uLo-*JI 

Protons oUjjj^JI .Electrons cjljjpSLjyi Jla ,jj^Jlj jJttaJI a^i"* 

.Neutrons cjLjj^jjJIj 

Rlltherfordjjjijjj jjfcj <j^u*jajle juja}Lj Jl-^1 ^-oj uil J^j 

^j jJI -r J>»-UI ^ i>i j (jJJ c^lJl o^ C7— '! W-^lyKj 2 j^' 5 — u,ljj ,ys 
j^ iJjLillj *_*Jl jj - iali&JI 3jyj i '(*?^>JI 2 >f^ Central Nucleus 

(_yJ*J "^* - >^' 4 i-r Mill lIiLaj ulv (_r~*~ l£J~ ~~ ' '-'J~- »3jjJI i"jLJa£Lj9 ~*J*.' 

CjLi-ejjJI 4 aj.ir i~jl ijmi-w (_,!<■ L^jIj't-I ^jJJ iaLiaVL) I J-A n~jLJajjj-JI 

L~jl flj I ii-W I J 1*. ^" OrbltS cllljljLO SjLAJ SljjJI ibL»OJ .Cjljj^J^jjJI (jjkj 
l"jl i"*- ill (J-QJO (_y-*J CjljjjJjSJ i I ^ I u~) (JOJ^ ~* ^J^~* lAlSt"* JM \) J » ■ *- 

^ja »j *•*■"■ "'J • (« l» 1 — ^ ) J^ -"^l (_y^ -T-i^a^-a j * L»S < 4jJI u 

4j ...<i.*ill i^^adl -.Ukj L^jLj ,ya yJUo SjjJI u f 5Jaa->U J£ iJI 

SljjJI p — » ■ 3j jjt (J7 ^ cj LjjjjjSLI V I ■^•*;"j"' '"'j**- ('"t-" l — 2 JSL-JiJn 

^ c-jLJj^pSJVI ujufc i_j jl» (^1^ Ja«") Electrostatic Attraction Force 

.^Sl.jJI villa <>jjjG 

,_ylllj 3j j lb i^aL>JI l-jLjIS'.Hj 5 joUII till stjVl ■•■> rj-*^ 

4 j o rti I j 4ja__Liii3 L^J lTjj^JLj ■"■■ *- > J*- " («J IjLsej tiUj _L«J '"■ *— ■ ""I 

cjLjjl>-jSJI («j-uLi ^iji^jJLIj .^ji-Vl 3j JJI jl jua ^ cjUj^pSLiyi -i^>-j 
^ L^SjLc. iJ ^£. 31 Sill SJjJ oJLIj Valence Electrons j alSiJI 

tijjjj^, jjlxTu^ . SjLaJJ 4jjLj-«jSLII I J ■ — ■ I j -- (j£. j j ; *"■ ^ j SjjJI Jj'- 1" 
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1.21 ijlaiaJJaJSlt Mil :i*U! 

u^ 4jx-}\ lJI 43U^pSLiy (jl<H jjulII jjju 4j ^ J Ilj Valence 

Jl>.|j jjfc AjjJj^aJI ^ilSj (jl M^j» (Jj-^- 1 ll)^ l Ji^~ *\ (-Sj-* " *_}l Jb» 

jjfc Lo£ i^ii»^?l ojljuo ^^ JL»-lj tj^"^ tl -> tr Jo^jJ LiUjj ,yj> «^-> 

»(((«!» 2,— 2*\ ^JC .". tl « ~. . *^ j .* 




j>^i jUOL' 




(V) 



A£j)a-»« a i-^>> j^- 1 — > ta 



'j""'^ '"("." J f liJIjij ■ ■■■■■*■>'* /-j^^ti 



jj|Ui( r jj^UI^ .,j iiiqmiTI (oaJJI <j£ L&Oajj l^"^U£g lgu*L>ijwi ^ *jjL£Li uu£l^£Jf h j^> 

AO£ ^yiS Ajjj Ljljj^'^TI fj^J ■"■'■»- ;> J I ) J I ** I I j - Q ' ■ * *UjOjl 4 I ' L?l ■* '^J > «Ik <JSL*iJI ^^ 

^Lij j. ~:r ^V ^L ajSJI t~i .*,-,n > t— "j <u ,_jjjij uMfliUI ,yi ' A< j l --i" fl^3Vl 



■>!')'*> 



-VI 



(6), 



Jl iji jI_l* CiDj^'iiJI jj_c Jfl U-l£j . J— »-lj j^ISDI j_ic o_ 



-VI 



AjJIj ajTll uiMcUlJI ^ ialj^Li J^i. _JI ^X& ijjj& > 



II tlaLu&j 



^-AIjI^II (_j^h i tljl (jjjj-y" a l^iaj («^j I VI i lj>J-*J Ls^jLs ^-ir i^ii J^ 
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^£jL±x (^\j jj'^ tl | _ > ^i sLijJI I Jufc i4-ijlj_^_LaJI (J__jjjj '"'l^j ...MC «^a 

4 1 1 i/-itl a! i m->-VLi 4_i^sL>JI iSLLaJI J-jj^J <LifljSJ ^ £ t-» *mj ■» _^ ^ j _■ ■ " ■*"■ 

iaLLaJI ol Ijn m.'<I oj^ :*j_l^1I ^l>->LI JI_oi=Vl ^ 2:^ 1 ■■■" 

2 »j* '■ >n i ii -vt) (jjs Sjliil 2*. . ;t I irjLJajjSJVI L^j • ■~^~ ^^111 2_j^_>J| 

ii , ,ilHJ LjjSJj i^jjJaJI 3 J ii «_o LjjjjW LtluLjj ■ — I '■" V (j*-=e i ."ill 

tj L> a llHW- 1 *^P! ' .' ^-> L* i—S^liej tiJJjj »4 jJjjJaJI oLj.^1,1 JJ/J J « 

L$jl |_£l i4-ui) i^-»tl CjLvj <iU ( _ 7 »oJLI JjiaJI 4 _^eaJ3l_ijj jlj^J f LtiiVI SJlJo 

. 1^*^ ^■"^ f * Lj^uLIj l-ujiLuj 

i_jj_ku l!jL«J ubt ^jjl ^LxJjlII 3jJaj (j-a j t i~i I 2jsjil $jufc >^jJl>j J^j 

uj-ltj . 3jujl>. d j n Ir 3jjj jj^Lci ^jil SjIjjjJI 2Jj_L»j (jjSiJ ijjjj-ij 

i fi ir-^a ( _ 7 ^ jj^jji 4__ xll i i do La (jl i_£jl (j^ljLfl (_, ifTTr uJt i_^jj ui-LI 

jl 4jLj-i^>j-3j 4j\j ^u^iSJI ( jj^jj (jul^Sj (^i ».LLsl Lj->Li SjjjJI » ' *■ 

(jjjjj ij)4y- (_j— It (_, 'iTr~tl jj-« j^& i ^ i< ^! i-ulS <aLiJ L^jJI ''■ j^-j 

j rt"j ' -^ a I jj '.2j^tiil| diLuJs^dJI i ' 111 (jja j y^ j\ u'^'^ ( _ T 3 j J*J~'^ 
CjdL>- L^JLi SjjiJI ciilj ' ^ • -» ■ j L«jo 7c-L>ij (jl (jit (C-i^SLII i^jLill (_, « a 
• jLvuJI (ji_ij^jl (ji djCj ,,.\)<tl jjj^jjj CjLusIjJlSIj i^Lilj^laj -■■ j ~ ■ -~" I 

i_kjis_aljj (Jjl^'^lj 4 jj-jejJI J^L>- jj-o till jj ij ui£ (j-alillj j ■""' 

p-J-)l jl i.'i^j «Ljit O il£ La^s IjjJaj jji^l 2 u -tej j 2 jl i - * i^jl jiJlSLaJ 

il)-'^~""'J l *- J >^' J-3 '""^ («JL*-1I i_kx<3^ (Jj>Jj • iljLUai^jiS VI ( ' ll~i (jj^j 

(jPJI (*j-*Lil>l (jj» (Jl d (j^>- 2^jL>- 4_yiic. Jjj> jj_a jj^jj 4-1 (^1—3 UL 

4-^3 JJ -L2 ((a^jjl ^"i-w »uj jiill (_y3 Ljj jS ii"i Jj-53 tltJIjLa (jj^jj L—AjjJo 

.^jJlSoJIj j»IjIL>-VI (j-a 4_ia- ^)'^'' 
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MUi.ii ; jUmJJ <,j|it u_ut : ;*ut 

j-u,liH (jj-SJI ^^laj ji *• ' Max Planck «iiL!Aj u^Lan I ij ^J 

/JlJI Sjj^jai! rf ^ ^} J, d 'J L)-^ u d" *' ' (j' U3^ U A 4~lsc ■* ' a j -"-^ 
d_LSljJ-ii)! 4.j« o-*JI pLo^k.1 Cj\ iirl-v. ,jj» 4 ■ nig. JiLi- '<j*y il~u (jis^c 

(_yaj . 1900 ^±* uijj ^ Sjrt«.;U '(jj-l>j ^ (»>i*JI 4_lx_uI£V 3 «jI"JI 

4imU j^ ujju ^ 4^wL>u LilJMj (^l£.t i4jitJjljJI 5 1nl7.ll oj-fc J>L»- 

(jl jl;*^ I JMi. (j^s till jj i3jL»JJ 4j . ..jUl ;'• a^jqKW l"jL».jJ,I f 1 » ■"■■[ 

<_ajLjj L^jSLlj CjL»-j^> Jj^j i"i i hjT SjU.1 m i,il*w (Jjs SjjL-aJI CjLcLxjiiVI 
(jl jjplc- (j-*>J '"'J"- j PnOtOnS Cjujjjjjl fQ_i_u 1 L^l^ (3itsi .-■! -j — .- ^a 

d'3 '*J " "^ CjLJ_jj_jA!i j_lc *_*> ujj-La I ■ ■ -' **■ '■■■■' ■" cl» *.MI 3jlu< 
Sjjdl 3JsLL (jl 4jsjI"u Cjj^IoT tii!j£ . i>Jjp ^jrlc- > a~«" (jj— jj^JI 43LL 

L^oJa jl>-jj 4S1 Lai! I'lljj*... * 5_ul (jJJ I jij ■ ■■"■ (jSL*j Jj ■ 2 1 ■ ^»* <■ ■-■ . ..jt 

4 j _i mill 2-jjJaJ I'mr J Jl3j . CjLij^pSLl'iJI t _ y A J j « i n 1 1 4jJbLiJLa oLuui> 

^ya 1^ ■ -I ■ ■■! USj I~|TT lrt> ( _ 7 Hllj dJj^U 7Tjl~0 17UD AlC fj^ jjjl" *.ijV 

(jlSUIj (jLs^JI (jru iiajljJI £a}L*JI ^ ajl»iU dp^jj ^"jl uol^jisl (jl£ji 

jyl Jj i4jjIj jl 3_2lLaja ■ ' — jl CjL^Lc. L^jl (jjlTn.~u.ul <"</*il ' 5 A i~olllj 

(8)- - 3 - 

IjLi u>l (jJ^J uujI «Juu (j^J dJj^Li (jjiiLa i_ijL>ij ?Jjl~J '-''■* JL^j 

^jl Ijfllr I v.'qj Quantum Mechanics ^ SLII K .iM<jq 5j>i j>LJ. 

(Jji».J cr^ jLC '^ "■ ^-*- a '^J^J u/^l5L!l dL^jJI CjUj La I 7c j — ■ ^>" (_yJI 

-LjLJ ■-. t'l (JLsc-o L*j_^jl (j-a (jlS 5 J 1 «"aj «JuJL». CiiLxj ^l nLj^aAjl 
«lc Jutl^i (jjj u/foj 3jjIj^>JI l£_L^LijjJI aIc. J_u»I Juu ,^1 djjljjjl 

(^ «Quantum ^l* <uK (jl ^1 Sjl iVI jjlj .3-u^SLII KjaLljjJI 

j*i"i! '-J^J 4jj^l!l ^ j i ■ ■■"■ >lj>.jjj »«<LjjjS» Liblit a (Jj^sVI 4 j.'uj J> 4 «ilS 

aL^>-1 jt p ---^t L^.-e-La3 jl j»l ui3-Vl L^j i ■■'•<"• L ^l\ 4lLLaJI (jl ^JJ 

ul£. AiiifTi* (J ii"i i~i 1 g iS I j 1 4 1 u3 1 jXaj S^ «i~ i u a 5jj ini (J <i~i i*i V ijjjjwl 

a_L4 CLiS^C I jj t4 jli" a CjulSJ jl — «/oS» 4 a K » o>>. — ol jaS 4 ulA 

(jiuolj-4 ^^fl (jjjJ.1 «_ijiIjJI xj».^JH jl (_i iji^.Ij .j«£LII ISLuKj a i Ajj hill 
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JtJ^JLI 4j)j « «| i (fll^U ^£jLall I i^c (j^S>j i— 3j i ii i_iUSLll (j_a J if-iiill Ijufc 

CjLvjjJS ilJI_jj 'Jjjj *.»t1 (j^ill (jja j^J 21 4J u< (j^ 1*-^ J^L^j 

i Lj^v-jJj) X"i 1 1 j |»jl»JI fj-3l f-^-** - LT-^i *jJI«Aj1I I flj'j>^J AjjJLsJI ^Lj^loJI 

Kj'iKja 3j^j <_, Lc «L»jLa]l 4ibjL>JI 3 j ^ U •, 1 1 ,-■! ji^lx:tl ■- i* Jux>. 

r-Qjl 4 1 1 n -+J I SjJLiJI i ' I I" J^L*. JjiWij (jl 4-ijJLJ uJJ jj^o dAi (*^ <j»Sjl 

J 9 ) ^1 L_U dsj^l *L^uiJI ^_lc ^jL*j p.. ...t ,>» %75 ,>• j_J£l 

i _ i (j"i I U (_,"-»• i II j ( _ r «i«JI r&^Jal ijj *i<jla L < ttj (jujLill (j-livLJI A ofll jjl£j 

i nc\ tW\ (jj9 ^jVI i LI ( _ ;r x^Ll,l tj^-ill (Jj» 4 j ii i"i U 4j ui (j« ...-|— tl J^Li. 

Sjjj j^LLaJV ,Ji>iaJI ^J-^-« (jA" SjjIjJI oLjjJaJI JJjuj ill *J Vl JJlc 

. rt \\ il l 1 l-V Al * A fr 
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jjjs j" -"II J i^^tl « Lj^ij L_«5 
jLt5j . Molecules oliij^JLi JzjjZ w "H 

^ 4jjJLJeJ cJtl UjjJI jl =t>.l 3 I^-U-i 

(jlc j_aUI i_ajl__«JI Jjflj^J I — «lLaj 



jl^V 4jj£j£ jL-jjIj Manipulation 
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Cj\j j l_*jj^jj ft jUi" SjLcl j^yic 1 $JjJ^ J^J-i- (jja i^J I Jj < L^^J <-uj 

^ ^«SL*iJI £* . I fi\lt±sK-> <.. rM^JIj Atomic Arrangement 3jl LI 

Grain L^jL^ua. jL»jI (JjijjULo j;-^" i3£>^ <j^- 4j1».I jJI LgKLuk SjJu 
jju <3jl^-I^JI SjLLI i.-c-riot j 3J3 («j (jjaj .JSL^JI I'lllt 3 J3SLLI Sizes 

l _ya\jici »"i" A n\~i-r a SjLo LgjlSj JJ-p ' I JlA (_£JL-L».l_jli]l ^ j j i~ II j_^jl *j ■ ■■ 
SjiLJLI .-.Ij^'.ll (j « j^H ^JLJI lj-^jlj '^" O ajL^ JJLmJI IJl4 j^j 

Atomic (jj J_JI *LiJI i^—ia ^-^TlII ^ a Ll£L<u ^l Sj uull J,, mllj 

uuLSLj jJI j^al>4J cjIjJJI s-»jj>j Ja-«J >L>iaJj iSjUIJ ^yii-l jJI Structure 

A^ic. 5 : ->-l d ;^ ^ <1jU Sj-ila Ij ^jt U-4 .Crystal Lattices SL-jj^IJI 

i_illiej (^lll 4jU<w1l j j£. jljlt {y> Sjuju*. pljjl J>4 J-a (jJJ Ojf jlj II 

p j-^" ^^a r-LauJI Jo jJ^JJ • 4jjLjL3Jlll jtjj-LI o—* ^ l ' w p' ij^ ' J "** ' J "*~ w a 

L^jIj j <_i^j^3j SjLLI 4 j i 1 1 I '■ 1 j ^"j LiSljjj ^ ' i_> I j'j^-jIj '^"j jjLiJI j«ic 

I juk ^ Lta (j^ajt'i.n'i (jl (^ (<U>£L!I iX)LiII L7 xji Jjjilj jLia I jj ,4_jL>-IjlII 
L-ijjjjJIj «LiL>.ljJI I j" j ■ ; < 3jl LI ,_^ol^i. JoLpjl ,_JJLa <_iLj£UI (j^o J ir-iiill 

. l&> (Jjjjl 

Lajlj .il^ila 3_»j ■ »'■<■ jl 4jJ^ *JJ-^° t^ 3 3jLLI iZjIjj -A^-JJ La Ijjl > 

lLUJlj 4J^£La n£^>.VI j uaLUjI lIiIjJ jj^a Li/i^- £-* J-*JJ jl (_, IJ 7r iVi 

j^>j 4jj JJI 4j_>_kijJI ^jjlaj (J?" ^-j . CjLjjJ^»- jj^a cJiJLjj <LijLiaj£ Cjl__iSj_a 
tuLa.VI .-.'iKj i4jjL».VI iljljjjl Juc SLcjJjl fljuk jjjj '.■;■■• (^c («^a JIJ-" 
a_!^L>JI i^LLaJI (OJ3 jjl (^jk L^jJj Ijlir-ij (jl ^ MjjIo »UI<JI Ig'-wl (_,!]! 

4j-s>L>JI (Cjill liJ 111 4Jjlia .5 ij^H (ji Jit £jj <'" 4JjiiLI CjI J^>LLi 

^3^^-«- ' ^j L«jI J 4jcjj j .^.I'.ll Cjljj (jl (_yJ-»J I Jufca. . 4jJj-flJI '"'^J ' .' 

JcLiij (jl ,_;, I] L^jjjjJ J^Li. ryt till jj 1 1 ^jLaLL (j^j^Vij jIjjjj "i^?l 

(jjS[j lt^ *— J '-A>^' SjLa CjLijjja. (jj^SJiJ (J^i.1 ^juaLif. CjIj j « » LuljojS 
. L$j 4^UoJI ajS (jiaLiitJl ^1 f^>-JJ l*U jj 1 Ijlj "" ■ ■■! ^J^l 
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!**U>} $tfiil Cjtf ib* : tJi jail] i jUt 

><xiiL i_Sjjj Jojijj J^Li- (j-«J l ^>-" ' J" J "*'"* CjIj J (j_a *(_£j>jjl (jjSkjjj 

cijIjIjlJLI cjUj^pSUI ^jJj ^Ij Chemical Bonding 4-ulj.uSLlt Jajlj^JI 

Juj^lS t^^^*" oJi)^*'^ 4-"' "*!' J_>^^' UJd'j '-. '~?*_9-^ r\9 j->j '«*»" o_Ji' LJ 1 ^ 

(jji ftUJI iiiljj 3 ILoVl ^ if 03-f JjUHI - aUUII jtlo - ^j—jjjmll 

j^jj .Ionic Bonding 4_u$jVi ikjIjJI ^L iajjjJJ ^La/HI JajljjJI 

LjjwjJj (\"i «jjLi« jjjs I-- llt< Jlij 4jjLx*jSL!1 Jajlj^JI (jl ^J i-Li. j j ■*■ ■ (jl 
4jjLlajSLII j uaLuJI iIjLJjj! <j_u «. ■)-■>) lLjI^JI <-djJ ijV i<\ tjj <j LLUI 

J« "•<" 4_UfcLu9 ll)l__ljjj>- 4j-Ufc (_jlc- jljJLI (j-« (_£jj».l Ijj ■-* l-ilJ jlJ 2jL_JjJS 

Molecular 4jSj>>JI oLclii^ll ^js 4. ,„L.Vl *liJI jL«*1 Jiu3 ^Ij 

.^JLUI L>.^]jJ£b i^>LkJI Manufacturing 

lj_j-al_ji.j Ifl^l "■'■ JjJl>o ^yi 3_>L»U 4jjJJI 4j-L±]I ^hA^ cr'! * sLa^VL 

4_uij 4jj_jAj (JSLlA (ji-1.1 SjlU diljj Jj*-_9 (*- '"' ll>!^ i4-uujmSJIj 4jjLjJ-j^' 

jujl>i3 uJa 1 «i^aj Ijuij'ij Ijjj i_$ J Ji ' ^6^ (j'Mt i L7 UI 4jjS[ uJI cjljliJ! llIJj 

^jLiJI ■ .-»U,^t jjf tiJlill J utill (jd« f>>JI IJ-* cr^ Ajlj -* j ' I' (>*'>*■ 

CjulijJI liilj (_y3 I g».Ulj« 4 1 1,^.11 jljil Cjlji 3 '"*'"' ' "_ >-»J9 (J-^J-*^ ""J 

. I j"l .j .^ jLul jjau1^4 * djL^lj 4_oJuit_LI (j-^i 9— ^%Ji JoLu jl >jj_jja tLu>iJ f_B 

Crystal i^j^lJI ? LLjJI ^ jj£l Jj^oLilj j^Ut ^ aj^SUI ^jLiJI <_^.^j j^j 

jyi 3j.j.a' a 2LisJ ^yk: ^MLaVI J>U- ,>o tii! jj 3 ikaJI jl^il ljr J& Structure 
(3.2.1). - , « «... j>" .^ 

Crystalline 3j_>^1jJI j>1>JJ Single Atoms 3jjL>-Vl oljJJI ^l-»j 

(jjj LgjlnjA i u iSjjjj 4jjjj oljj>Lc. pj"' <jV 4 AuaJI . Materials 

.i_$jj>.VI jl^II ciiljj (jj» L^jIjjI « i'.U.'i'Cj Iginii't SjLJJ iJjSLil cjIj JJI 
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5 1 I 1 n 1 1 jl^ll lLiIj j 4__jJl±J U i->-jVi 4ja-f.«--KJI <_=_>l 3>L»JI ajufc w ~t~~j 

aj-uL) l_3j-jlj p IX~ '■ * ^>. jj^ftj ^Llaj ( _ 7 ^ I j ,,,A il < 'j'j"'.' (»Luil! icj_i jj^a 
«CjIj 4_i£.l^ja j-iisljja (^ Cjlj j II «U£ i fiUi^i' L5-^'j 'L5j>M' (*l ^-*^ 

G^UI ^JJ j ^ <_ij . Lattice Points 4jj_*1JI 4^. ill JoLSL w -i ■ ■■' 



,J& j_*V£ Single Crystals Sjlil ^a 4jjU.I oIjjL 4m* <_, If lSjJJI 

Crystal 4jj^LJI JjL^AJI ^joJ <_,]! <_, «•; n i^JiiLa 4j u-jlLa Jl£ it 

.< n<l,l 4ln,V«, i j ■;■ (jjs (^Ij < LyjJ iij^-ai.! « ■ ■ ■ -■ tl Group 
j»_ji3 ^ jji Skeleton J^tl L^L 4jj^lji 4SL1AJ! i-i^ ^jtv, ,„'ij 



4j Lg luAjI i_ljj^jj <i>.lj l^t^ll^-a J^JLvb SjULI i^jlji (jja 4£.jo-<r o 

lIjIj^Jj d^j a (j^ j'^il -"-^.P ^— ^° 'j J ^J JL>^" a J p ly- '■ * JSi ijj till j J 

Polycrystalline Sjj *i* olj^L 3jj^> (^—a Sjlx. -i^a: 1 j.<< <4_oU.t 

4-u9L^0l 4jJ^ftlijl ^^ ■ -"■'' 1 jl-»jU.-»~i La_i_uJ M4 l» 1 — 3 J g^JS-uJI •- '*-^J *1 

' _ 'j"j" p k»" 'J L^j-9 (_y^'j ^LajjjuJI < ^ .«CI I dL ,^A1 4j«jl3J| j i^l '. «ll jl>. jr 
i_gjl 1 n"i 1 a IVi i a Lu-u 1 '< ft. *^*^ ■*. eiUju 4Jj£La . <iC . ,~. tl JoLSj ( _ 7 l£. iZjIjjJI 
Jia-^lj i_3j_uja cjj^jj.1 J*\ ill ^jjl LjjJiJ La Ijlj . "tc^L^ol fja-v jL»jt 
^yic J^ilaJ .jiirtl CjI n'v a 3jL£. (Jjs i-kJljj i .«^ <iU ^ ISLII (JS! .i^JI (jl 

J£ Lfc. j-**^ u-^lj Unit Cell 4_jjL»Vl JLliJI p_^,l L^u> j_^.l_aJI 

u^L>JI lLiI m-w <_J_^ i aj u^S pj ilv°J i»Jl_JLi | _ > ^ol^».j '*■' 1 ■ -j oliiifi 
LaSj .(>>JI ijjlSJI oLa t-j 3nlt~U 4jjIj_jJI i^jLLuaJI JJL^J ^l 4jjkJI 

4_iL>JI jLt_il ^yL±A2u» jjl a *_^-*- * (j^ ■ ■■ 'j ijja 4jjIjjJI ^ ^ ■ -* ^ 1 1 1 «l*^ 

jLjjLa JL^-JJ V i.'-ijt ) i^j^-l i^JJ 3jL>.lj SjLa (j^a ' ^1'^-" SjLail ^J^l 
^IjJLI ij^a JjL^JI aSLJI I JLA J_J^>-J (j-^ C^-J-" Cr^ ^ ^ "''^ uilJjj (jlliiLLa^a 

SjLII ^ya\^». • iil"^« ,jx. ^-t-ULjJI «jl->~ ■■■'j . 4-xC.Lj.uaJtj 4 ; L»_LxkJI 

ijlUj iT.jv <4jjL>.VI l^'jl^ jLtjl (j^Lia «La_t3 JUJL>o J^L>- (jjo tiiljj 

. Lattice Parameter 4jji>LJI 4SLi iJI J^ui ^iu,^^ ,i/,H I jla ^^ 

i ..«5Cl,l^ jl».I^ ^m wft JSLi ^^ Sjj^^il jljll (jt^JJLi jjjjsJI jj^aj 
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i_iJJ_a J * " _3.' ajjjxLa 4 a iii-y a sjjj^s ('"-r 1 " ^ — ■') J-* "^ ? ,: -" 3 JiJ 



^Jc 5^^=11 SjUIJ 4_JjSUI olj JJI Uj ^Ji: ,^iJlj HRTEM 4_3jJ! 

(7) 

4£.I^J ^Jua Ja^-^U i^jjj^a »JSLUI I JLA (jjl L^-Laj La Ijlj . ' 4jjlaia 
filial im 1,1 ^jl i n" 3- 1 <if Ij i— fljiiir> 4 ii* ^Ir Ig i uii il rfjjJiJj ^^3 uLiljjJI 
j_ ;r a 4jjoJajjl!l 4_ulj i^ntl I gje a^l a ^£. i . m«"ij i 1 J jjj 4lir-iLo.il 4 jij ■!! 



I J-* (^c. 3jj (_jt jjl jljs- f-*^- J^> ^J' i>° Ji»-M-J L»£ .^jhriUj t-tjjpJ 1 




Jl'.iii ejUl Ljlji 
TiC . * t l . 1 j -*'j t 



^s;,,i,n>mi 



M 




w a ; a-^ti jct.ltixi-^.i^ .., r . UWtajp U^,j (t) J? ■ ■" j^j -_■ ■( 1 - 3) J£_i)l 
tJljJJiaiMfcjaj^laJliM'il; mil ^-^j-y ajjjXJI 4&j .T.tl ^hsjjlj ^jjlj^)^ jjjil 

, ^Cj . Ti 1 1 1 C , *> ij LjlJjJ d I ■ O l j I I *<■'■■ J I ' "i l ^1 ■ ..t | a . . . * >jj I ^u> '(_4 ■ ^ m . t L^i^^^j 

JSLufr ^3 l^ail^a JiLil^l ^yij ji^'ull kjtjii-C^JjSJjiJI l£j\ SIT »i^i""lj^ Mitl ij-^^ 
4-j^JJi '"''jj" mil i fl j a i ^_j 3 tori J^ls u^ *2>^-^*3 ^ ■) t^~ '■ ^ Jal^j ^ i_dJ!aj iASLj^JI 
LiUaSj^^nT.ll J^Ull(i)JC ,titl ^a ur^»j .i^, .T. Tl J£*$) aj^UI Ajj^a^tlj <j^Vvi 



(8) 



iLsIS I 



3jjl wt,l 3jUI ja3l_ji.j uil *"■ (j£ j'j.'*.' O'^II tr'i'^' ^uliJI 
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4 ilirnll jl^il ^ JliL-JI («Jaiill t£j JJI *HVi>l lilt j ^ (jnjnrll <_yl£. 
(_,!£. SjU.1 CjIjJ <;tfl p b>" " t£JJ1j i(3jl "J I O"?*^ Lr^ "^ ""^ li- jL "j 

(jpa . jlj-»iJ ■*i;>LJ' J^W^' oj^U Long-range Order J—j^UI ,jjdl 

, a , I , » 1 1 jl^il (_^aju Cjljj iiD,JSj , f 1 ■ ■*.. ,.l ^Lj JjIj uJI * uns*- CjLijjjv 

L^jjj Lftjja 4^£sL>> tijl^^c a\j-}[ (j£ ^ d'.'^j *L-*-y fLlaJJI I JlA £>£. jj->o 
<_*j lm j-»-^j_j • Short-range Order ,jjJLI jj-^« ^j JJI ^kr.ti 

aj^SJ.1 CjljjJI (ju JiaJ^J 4 a tVi r a 4^^1a Jj^-J (jJJ (Oj-uVI I JLgJ 4~m n 



jj^a ij^JjJ (j^ 8 *LU fci£>»- i— ilLjj Jliil ^JjiJ i-u (_,l«~4 . La Jjl ui CjIjj^j>J 

(j^a 3jj u "Ls-jJ 1U4.5 I j" - j a «QjIj SjjI^j (jliajj^J (^»-jjJli^JI jl c 

4^>LtJI i'II'i 4_»j3« .(«!» 2 - 3) J<M.tl <yi (jru* ^A U^i(jr;-»-i,i<Vt jLc. 

jjjij (JA-> in^VI *_a tj-t>-JjJUgJI Cjljj tisLjJjl l^jlr (JjujjG L7 jA\ 4jjl^JI 

s 

iWS ulli^> lS-J'tH * I " 'J. 1 ' Jufc • J->-l (_ylj f-La ei£j-?* (jja j j «" Vj 4 jjLi 

^^it. l$J So-^tlJU [ j ■■■■«'■ oIIj^JI *.« L^jLs^Lc p ^kr.i _>|jl»^ u,| ^f 

<yj 4ii jj <jl L$J rLUI fl>iJI Jla-J (^3 I JJ .aUajjVl (j^a ^*JI I j 4 

No-order pt^-.-.n ^ ^\ 3 j^ji ^|tv,l| ^ ^.L .sl^aAJ ^j JJI s^jj^JI 

(^ji (jjj (jj»j ijSljjit. ^ 4li ij ,_gjj| p-lj-ill SjLLI tijljj Ji>Ji (■' , M->- 

. allaJjl IJl^J Lk^jc.j tJ^jLpjjJ I j 
l^jjJI > ijT^oJI JoLaJV LaLc ljt>_.U~*i Lujij (2 — 3) J^ uJI xulijja 

5jljj>JI jJibj .ijjUJIj SJjL-JIj Silir-ill ^j SjUI (>« djMiJI cjVUJI ^ 

4 o In" i a CjLljJ^>- jjj lJlILjj CjIj^L ^ 'j * lt^ UJ^J <4 ili^itl 4 j ■» l~i n 4jJLv 

Lr li- 1 »jIjj>. CjLvjjJ 4 iSj^-«j |U l_ a Ijj 4j( JUj iTtd—i)) ^ — 3) i_j JJJjJI 

4311)^3. IjlP L^J3 ,_pJlj ilSLJl 4JUJI ^1 J>»i <j|J9 ^^Ul jnir-ill £y» 
4J^SLa .A A. ~\\ 4JL9JI j^i 1 jjl'* 3j^>.jll «i 1 !?»*■ '■ 1 1 I jU iljj jjjo j(^ f" 1 1 (^ 
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lubji j j^iUt Jj* iky : t&jatli i jMt 

4jJliLa iiUI oLL)^. <Ua J iaj (_5 JJI (_£j jJI <_jjjjJ1JI (jj jS.! I lui dJ I jj 

sill (jLa i_$jIjjkJI tti>JI jlj i"--l *.«$ •(«-^ ,) 2-3) i.cjTpJI ^ »UojJVI 

,(«j» 2-3) JSLAJI ^s lA±a 




o 



& 



5 



yy 




»j\y 



w 










,^3 j u'vll Cjjl fljJI I jufc tjl ,j II 3jl iVI i^ojJS _^ ~ j flj VI Jjlj 

A-r ij Sju,! Cjljj J-JJJJ 4jjlj__iiut3 «4_!Lx (J^J 3jU.I (jj3l_ji»-j iljl iiir> ( _ 7 __3 
jljll i_<1jLj uJ illaVI (jj3 JUJjlII lIILLAj -lSjJJI ' .■j'j"' 11 j»Uajil -UC L$J 
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jj^lo -j£. L*jj'^-x" (ve tPJI AjjloJI ^ ' Amorphous Alloys ioaj^aVl 
{ j*s\$s>. (jic Jji^-».ll i aj-4-> till jj i L_$I lSj- 1 ^' h-^j-^^ JiL>")" J **j 

— J^S mjjSjU <Ua i-u^JJ 0_L>-I 4j^^t- a tfj^jus (3 — 3 J JS ill £p-fJj 

Ijlj .i^j^Vl jl^ll ljUj£. ^ ijjia 4iitl £ajJ! jjJLt ^j^pSLIVI J^_aUI 

iJ-^-jjj ('"-r 1 " ^ ~ ^) J^ "'^ <jr^ ^ '- '^ >-iUjj SjjjLaJI 4Jl£ (ju ijjlia I ' '*<* La 
L$J}LL>.I ^3 4jJ3jj^Vl jlj II oljj Lk^l *-i->i ^1 <LjIj i»JI (_£Jua LU 






lLsLoJ jlsI^jo J~-»~l 1 J.'j'j" c **- '"' 4-iLuaJI jl^Jll lIiIjJ jjl 1*1 ■ ■■ Lj^£j 

2L ljaIa Jl£ lit ^iil j 4-oU.l oljjL I juk ^ 4J$£L« .cl-jj^LJI i£Li JJI 

cLJjSL^a ^UoIjL) i ^* ' x^a ' fl ■ ^* ' * i -»"■"« 4-ijLv 21 CjIjoLlII ■ f ' ■" ^ . 3jJ se-a 

i!L>JI Ji<u ^JJI (1-3) J£ JJI ^ya Ttxbj^j ^jk U^i^Al I jjjJLj t l u 

LiA SjLiVl j-A^JJ . SjLall 4jj_jJLJI 4^Lj ill ^ (JjJJI i_ujpJI jjjj ^,1111 

ijjjdl l-ljj^iII tj& iJliil l j£. i-al^^jejVI i_S-*ie j' *jj> J ^ i 'W o^ **' o '! 

^ i_JLtJI j £_i^ua]l ^j» (jn'v til Jj 1 1 ^ol_ai. SjUI (jl jLOfl (jjl ^iljj LAI 
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^1 i «i«"i jjLUI Lt>-jJjiSj ol jiii" (jli LaJ Ij^-uil Loj hjLl*. j/I (*]&** 

Jljja j_yit J J ■ — »■ H J*'! (J- 4 SjL—ll CjIjjJj jji-l J »_Ja-t»Jl |jj» JuJmJI (j l-v 
. 4jJj12jJI jIjJU ( j J o LgjjjlHi (j^i Ub^jj»jJ LLiliiir-ill 4 n i*i ■> a 
' ijC...j.Cjtl dU...lji 4-J-i-o 3jLq (jjV ^J j 5 i *a 1 ' *■■ La ■ gj' 1 * i o "*■ ' ft La I j!a 
J i >-i n~ 5jjl-y"ia Grains OIni'v Lll j.^k~t <_3j iii^ iUj mi ^j iVii (j-'J ' n 1 1 

La£ .Grain Boundary 3m-».H jjjl». ^ u<L> ^jjlj ^^jO* LLoJLai. L$JLu 

(-.-»." L$ ^LiiJ^Mtll t;.,-»v«, La Ijlj .(«i» 4 - 3)J£ ill ^(jj Ltj & 

Jj-naLflJ (jjjuj i_S$ t^fl iajLllj j nCill ,_, ILc ^j^pSJVI i— )j*s i iijj^Lxll 

» <>»--_■ iZjIj jjl jj_a la>j (j-« i—aJGj 4Ji i a ■* : "^ * 1 CjLij-ceJJ ( _ t L»-I jJI (-jjfs^jJI 

j!_»l! CjLi-Lt>. jLt_>l <_i Litjj .((!i_)e 4 — 3) J^ ■"■" lI^jDj £j\jla i_jjj^jJ 

CjljJLajjSja 4jlx*sj ,j_a Lj ujjjLSjs ^^ Cjjl ii"~i4 '*' ,'J."*"" ~ a ,)-tS 4jjL-il£i3i 

CjLaLjoI (j I (^1 IsLusVL* I j-4 . CjIj jjs^SLjII ^j^ oLla J I CjIj ui£. ^1 

-i_j»-_$ '*J La-a iSjjLaJLI 4_±ijj>JS j c I aJlsej 4 ;j;~*- JSj j_gj JJI <_■ ±4^-1' 



.^j~>J\ ^J| A •^•~- (j-a CjjLajJ I J'-'lj^-J LjjLflxo jj^i t _jjjala i— a^Gi.1 







I • • • •„•*••• ••• 

I •• ••• 

• •••• 



*■ ' Ajjiii 4Cj ; ii, ^* nil ^yj^aJI^^SL^j^jLJLj wJLJ.i<U j) g-><»Sj4^j(i):(4 - 3) JSLJJI 
.U 1 J ij^. ^ i^4» JSj jljjjl ^J^j al»olj vJU^jOJ tjii-UI 



3 JU.I (^al^ji* ^^ifi <Zll '.u^l ( 



(^ (_^>LlJlj tfjl ail aJijSJLl 4j;3LJI 



1CA3. jjt mi j_ 



QljiiVi i_fljii^j O -- *" ' ^i** - " i_r^' VJ i*^' c«-*l (j-a LjJlS ii!j Lg mijiia 

^ioj 4^%.j jj-* * j-LaJLj til! jj 1 lg«_i]io"ij jljll (- j a ' aj ^^3 JpLill Li^vjJj iS"i 
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.^Lsjjlj 1UU (j^o l _)3l (_yJI L^J Ajj^JuJ! ■*■! .j .-— tl jL»j| ^jjijjLia j j i i <Vi 



^jjkjLjJI 4 m i-ntl - 1-,„ ^^jc j jhl V 




lJJ j^ Joi j_< ^ ^ a alalia jj 1 J. 1 1 , <l',l , ...Uj,^\*:..i^ \^t *u. , Xj-.u~ .~y 
. ' fl * ' ' iAj^\Jl2\ ^Ji *~iTt .J^ls (j>^ L*J>>J l^- 1 ' T ' ' ' "'' ■ ■ ■ -- tT ,jii-ljJI 



4-ftA-llaj 3.}Lal! ^^i-ljJI ■■ j^j"* 1 J-^»>J 4j)li3 4ij«l ^jipSJVI Ju-SLJI 
<_9j^»JI JJJ»_>J (J^ c^JI (^ L^l j' "*^' L ^-k '(J^Hjl 1 pint I I fljl M'*>- 
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JiLu <<lliLa i5j^lj 4jJial <Lx4Jkj Jajlai. Jj->-_5 ■''"■N ' i— flj m S (JS mi 1 1 ^j 

i3ju>.IjJI 4jjjjJI J i-lj LajljL£.l i_i$l££ (^,111 SjLil oljj ^j yj ( j_£Lol 

Ijlj . .CjLlj_i_>JI (j-u 4.1 uaLaJI J; Ul'.tl ^ic CjljjJI i»JlA Jj^-J <J-2j * 1 "j ' 

(jic oljJJI jj 3-j iali^^l jl*J uJa - t a Lu iLuoLaJI 5 j-LuJI L_ajjJl». 

.(7 - 3)j (6 - 3) (jiK miILi ^-iJojja jjk 







(-*) 



5 nm 



i im'itl jb^j«.(7 - 3) JSLjJI i^a^jleij wCi i ma^i^ US iSua-jLiJI Ifl-xhmi jjja 
iLtaUji ^iinlS* .-..~»l'.l I aJS 3 mix It iu^jljjl -'- --V' ^i£ mIjjJI isli£J 4 jj'll 

.«-»">$ (lOu [J* Ktrtl ^ ^iijJL d^-4 $& US 



4_uuljJu <Lu3L>JI Sjj iiiil.1 iiUejjl 7*->Us (j^s Jj-ltll JjUj J^Li- (j-«J 

La (^j l*jji'/«"i i- ~j i.'mt i jljJLI lIi! m it. jLulj jL_La^l IJr Si si *\ > " 1 1 <«j 
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(^yja e^Ljj (_>'»_' L*» ' ^ fl '_;.' 4l ir>La]l JtjJL>JI (^JoLLa ^^ lLj! h i-kJI gr L-i 1 ii (jyi^ 

. jJoLU! llIJj ^ Sj^v^it ^Ijjil 4jjjl»JI ialiSLII 









•. ;.--. : : -.2 -jutt. . 



Ha3\ ^i\£. <Jr -ij J ZSjy\ oaLJI _, j-^U^U ...l^jOJj-id-j;^ aij^^a :(7 3) J£_i)l 
_jl_j_i)l J3J.39 ( 6 3)j(3 ^ ) j K .7,n ^» v. „n . «.„ ^ „ ■ — *' ■_,'*'' '"• ' jg j~" ~ -*j"' 
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iijj) Jl^Ja »UkJI *Joj ^ JJI jn^H .^^11 
JjSjj J-La^a i-ij>*J ^Jl lj_Laj ^ (jj^ 

4JLls_iJ| L^jIJjSLo ia^jusj ■ Ij'^lj^ j ojLJJ 

«£JI I JL* jliaj (j^Bj . S-sLt! i— li 1 ■ -J L ya\ji* 



3j i_.ly.tl jl^JLl 4^J3 • 

■w I Li ,^-ta » | J aaj u,l J^LiJajH 

— m ' 11 . . . dj &J ' ■ 1 1 
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L^Aj-oj a I . ukjaj i~- ■ i fl" ajfc ((4jJLl12^ju)> . ' JLA LLq^oj ^"'~*- ' fl * ' **" ' "J (Jlj L«J 
■*■ '.^a ,Jj ,3_.L *"...« jl iiftlj CjLalilVinil (_£l L^J JL>J) V 4JL riTiinl L4JL1 

j2 jlj^ L^JjSLI til I jj .3j<j ,,.\KII <_jj^ I fljl<- A-L>-l (jl (_ijiL<ajJI I jufc (j— < 

i3jdJl£.j 4_ollib*a ■ " " * ' ■ t^"*j dic&juja (j^l >£.! ,_J3 d^J j"'J d" |tMfc ~' ' Li^J 1 

t 

1 JLJ-L>Jlj (j^Utill '<IM^.... tiUj^j 3 .UAllj i_uijjl Jld iultll CjljlAII ja^sLic. 

CiC^iJj 1 Ljjl^>- (^ CjJLVJ (jl uljV! X_Lu3 <jj3 jl <LuUjls jl^e (Jj9 till j _>JCJ 

ijlSLUj (jLsjJI f 4L«IaJI (jLujyi iLvj J!>Li- 3J^. CjVLfc* Jit LgjUljV'nil 

liaCji lULaa SJLC (^JJ 4jJulfljJI jljil 1 ?nii<Vt (_,!£. i_3jJ«JI |^>». J J9j 

: ( _ r lj L»j3 Ifliirirli (jl (jSL»j 

.Metals and Metal Alloys SjjliJI cilSLxJIj oljlill • 

.Ceramics 4.j>.utl jW jJI jI>LI • 

.Polymers olj^LJI • 

.Composite Materials 2-iSI^I jl^U • 

3_3.jjJ.I .ilj-Jtl ■ ^l"^* (jl u 41J4JI (jja .i_i jlualll I jufc jl_ Lsl (^J 

<j-aj .(J^i-VI lIiLcj^t-U Oj " (j£. I^inlj^j Lfl3l ii 1 <*> ,_^ <cji>-r « J£ J 

I j'ljjtln jj£. jlj_U (j^ 4j1jjvJs-4 (JS (JjLixiiajj '*■' *■ '•»"■ ■"! (JjUjj («— 1 

. (^i>.VI LliLlj)<i-rlLi 

juj±aj( .«iM ; ...tij Citjioit 
Z 2 ^ Mineral o-^ 1 <>• *^JI kynUW <JUJI Metal jiiJL i .^nj 
d ^..' '"^.' (_j-i*J 1 1 m ' I J-A . ajj i o^J 2 Ij (j^iLjc-llI j juJl>JI cjtjia j-uaLi^. (JlLo 
ji (jj^-ua^. Jc-Uj (>o (ft^UI (j^Ltilt jj)JLI tiLI j Metal Alloy 5 £>-LiIl 

JjVI • Cf^j* (ji o in^l (jjl 4j^lill jl^JLl >n i ii ii i"i j . 4 j ii i 1 1 (Jjljlill (j^a^jSI 
Ul . JUJLsJI j i>-l<f 1 J.'J*\J* (j^ J* JJ <^l 4_jJuJl*JI Oljlfljl kiljLi ui 
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4oLL3JI J!La SjjJL^ *"■! flxoj 4_sLi 4jjlill J^e>il Jjjjjjj . LgJjjSj ^^ I £jJa 

.(^j^SLIIj i^jIjjkJI JjLiojjJI ^ylc UjjjlSj jj-»Jj 4^43 «iU j£ 

. JLJJL»J| olj l£ j^in (j^ 4 >oUJt 3^|-,~tl . . t - - — 1 1 ^£\_, u, Jjjj 

tiljLj lJI jX\ <^>>-Vl 4_j3iiJI jj^sLUJI ( _ > a_ *jj J< j'lllj ^j jajj^SLII 

■ -.i «l i^"i. ..Vt ( j_a *>JJ^ 4^1 ■ "* til) j£ 4S5L mj (jjjLaeJjl J'l'VJj • 4JjjJe-M 

(JxlajjJI (JL_a-« (^ ^-^A-VI (JJ inj id lil'iirU 4ja-jjj jClll CjI a j i In" 1 1 j 

JI^J Loj l<!? ^Ut jj — oil JMi. jl — uij)/l Jiol J^J . ( _ |r J > $SL!lj ^jljj»JI 
sljjjiJI CjljXi!! illjL^ui (jjs 4j ■ ■■!■ ■■ <tCj n -r U oJ-A lt^- < U-A '-"-"Ji Ct^** 

jL*c jlij ( _ 7 2iJlj i L*^±c j ajjjIjjj]!^ j»jj niif U,lj ajjJUjJjI llLjL^u JLs 

^jLdi ' .IU~,~i £j j-w. i»lx. 4j>-_jj CjLj^jJ.Ij 75 Jjlj-uailj CjI^jLLJI 4__cI_Ll*3 

,4J jj-11 j 5_jJaJI_J 4-Jlilb * " 1" Ajujs* IjljjS CiLcl ii^ll 

5n.^ ji^a ^ .Nitrides ol-upJIj .Carbides ^Ijljj^SLIIj .Oxides 
.JjS! iiJIj L_^e uJt jl J}>ialJ jLh~ ...I ^1 ^jljj V Brittle Materials 

Sjja'U 3j<j')KjU ^^aljjJI (>o>3lj JJulI L^M^ol j>« (*^>" u^- ^ '^J 

JU^-I SjojLL* If I4JJJ13J .L$J Hardness 3^!^ uaJt ^ ^LjJjl J *i» 

VJ at J<3 .... jl^i; >La JgjjLgJI cjI jL^>.[j Jl »3-t «L>J 5 as La Strength 

sLljl j^ L4] (j^jtjj (_jjJI Cjljl^jvil (4-i3 j^fi'v I Jj^^J I Jl>- djJLi «ji J <£. 

J^Qll J^jIjjJ 4jJL«JI I j" ajl mj Sji^aljjjjJ! jljll «"i"j ) j^ .Jji uuJI 

4jjjj jljll (jja iliJI «j-* o' -Jyj -Erosion ,jj Jlj Corrosion Ij uaJL 
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(jJJ Jo — lmJ ,jjo eb^SJIj SjljjaJI JL2jjl i i-r -s" ^^jJI jlj — II (j^a I — *J^C-J 
£j>iVl Jls jl^il lillij 4 HaVl j>» jy-l£. cilLiAj . <d J^^Lo _>i.T Jo u,$ 

i_jjJaJ| 3<- I ; ,-. ^^a iLsJjdl jlj U_j ,j N ^j .'j'**^ '£"^"3-" o a * t 'j'~t ^ 

.(JjIjjsJI cjalaJI tiDjSj (^LII <yi A.lVidll 

f tj-il j>»-j (j^» (*^->^ (_, lr j . I^jj^j ,_y3 L "»jjj LJjSLa (j^j^SUI juiif 

4j*jxLaJI jljll jl .l^tii^-i jj—jo (jl uijVt (jSL«J (_yjJI jl^ll l<1Jj jjj Sj.l t" a 

■ *j fl ■'" j~£l\ Cjlj-aJLJI jl_jjo (Jlaj tbUoJUj .<tj~ ...\l . tlj (j^JjLUI (jUa iL^Jja 
<"il"i-wl J^J . 3JUJLCJ 4nl"iira CjVLata <_,£ LfljliijjUl /»>»£. ^1 Ij-taj i-illjj 

^it 4 tt'i ill jljll _p£t 4 Lu-flj Qj21\ J^'i^ Ur 3 '-~'T."^>1 ,_,!>. 4j uOJ^JI 

4Jjs (<JLl!I rljjj iJLy ^j II i ilinU LT k. udJj ^ Siailja ijaJUJI ^jj ui^s 

. 1 jj *. . .. ^jjo jljl a u_a_idcaj_A jula jj-a L-ij^jLa (*_a^jl 

lilD (jja l£j->-I p Ij— Jl ' * 'j j k t4^i<-)ULI ^ in a->ilt CjIjJ uJI JiL>.j 

dij" i"i"ij .j" i int_^jJlj (j^lj'ijl^jjl (JlLo a '11^" uJLI i_dJLuiJ <Ldj CjjLa. J^ail 

L^Jj^j '(J^> ""^ I j'jl^la | Jiua ^j-ol^i-j CjLL^s SJlC j_yfl 4jol£. ol^_aijJI 

jljJLI ^ii^i I ^aJi JL«jj .iiLlilj jjj^—JI iii-j i^yj^SLII jl jjJIjSjIj stil 

. f jLuaJL J^QJI <LejLl4 ^ Ije*^ ^jui^igll 
4jm tiflll jl^il f-I^Jl ^ja-w Lyit (jjJJJJ Cjljalill tji '^JJI (j£- (j-i£J 

^Ljcj jISLj V I'-ijt. .S^jlUI oVL»J,Lj Ij'.I^j.U- julSj pi ujl ^ i^>>-Vl 

iJLalsVI i i < I j tL-jLiUlj 4_uiasVI <c\ ii^ ^^ j, lV"i uij (jy^S • ' j'" 7r"'" 

t~^-^ cjL>-^>liI oLJLLuj i4_xjLiajSJI jl^llj ^LjJLI Jj^o JjIj^jJI (Jii < j ■! «ij 

5j^>.l (JSLikj tL^I^JI ,J$ j LijL^il Jii-a ,_jjl>.VI cjI •»•* i 1, 1 (j-« jujuJI 

^Ul !*■! ... i«llj i_ij|^J| 
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jl^il (<s ul Ll^j! Ipjlr JILjJ - Composites cTjI .i<I>ULi J i^iij 

tPJI s ; ... r. s \\ jljj.1 ^ iiiJl dUj - Composite Materials 4 ..'Cljlll 

ijjil _ol 3jLa (j— « 4 ijta 4jarw.>. jl 4jj)^ i_i uu 4JaLu3l (jjjJo ^£. x Ijj 

jl ^1 u,Vl SjU (^Jl .Reinforcement Materials SUcI jjl jI^ILj i_3j-«: 

i \ JU3. Uali. <_JLflJI SjLa «_o 4\a£.IjJ! jlj LI Jaiie3 .Matrix i_JL3JI 3jl a 

jljJLI jLiJ- 1 Ljii-lj pj_JJJ id mjlTr'a 4jSI_^jjj (_ylc (J J ' Q "- II |j 1 ■ -"_' L»v» 

-»Li>JLi «*i o" (jl 4\a£.IjJI -jlj-U jlj*>.i uJS Joj't i'iijj . LJlLa L*JJJJ 4-4Ji!jJI 
jjS (j_«S-J <- ij*»t ^j'l ...VI SjLs *_a ji jinj *_a Lgjuaju J^Lajj ^La .,_LalSJl 

.ij^ljjuil (^L^jJI xilll <_JLs (Jj-Ij AjjjjLII 4jj initll L^jj^a^ 

(j-ol^i- 4iLxol (^ 4jjsj£JI aJLgj 4j£Ijj1I jljil r-^i (j^° ' *■ ><jN JJ ^pii 

^l'' . L$j 4lxz»LLo (jSu j«J <"il ii^j tlil -i a^Lus] jjl t_JL3JI SjLa ^J ^ -j*" 

,>. J^LUIj , J»liai yjfc oljL^JI jLLV Hjill Sj.^jJI 5jUI .Jlill J^. 

, , Uj« iV.ll j j J j aj£ ^j V I j i »3j *"' JU£. jJjSjjjjJ! ilj^jj, I j'f 4Sj^jl1I CjIj nl ill 
l^l CjIjLUVI »ju» » iirtl ^^aJLiJI JoLHI <_iJoaj jl ^SU'.II ( j_* ^^^J | jj 

SjLio i_aLUaj I jj 14jSj_U jj u/ *UjS ^ SJujII .Uji.V.ll jj^j jjjlI ^j ,2 

Lava .^JlJ-'miII JaLtail ^jf , Til I'lo.ntl 4\*jJ3jJI (ilinll dJ^Lul jjj» SSjLilo 
-I i^.*. ...VI fr Lu| ^^3 LgJ jjIjjjuj ^yjJI CjljL^xjU <GjsjLia £-£jJ 
^j"' ...VI SjLa — "'" ■•■' c_Jl^ ,jja <LaJJJLI 4J1 hjj>JI 4jSIj1a Jluj 

J lm jlj^aj idaJjJI JiLa 4^C.IjlII jljll Jm a *\'.± * C-ljjT a^yjl 3 aLiail - 

j@ ■'■■ jj^o i^jJuLLa Jp.1 .".I'^l . V.|j .gJ^aJI jjia 4_i CjlcI >aJI_a CjI j__»jiJ| 

juu JaJjJI jl j£JJI ^ (j-^-j . jL^VI Uiaj-<i ^1 a_^ljHI jtjJLI j»a2fj 

«L»o i.'iia injl 4vajLLa jajS »-Sj ^1 i^-^jJ i~ii<i i u V I *-a A Lala-j tG^Lual 
-'j 1" ■ ■■ a 4-a^aj Liiilll L^J (_jisjAjj jjjJI . u « . V. 1 1 CjIjL^xI 
^ aji.|jj| cIjL^IjILI ^LHj jjfc .jljil ^ 2Hi\ I'll'ilja-l^njjU") Jl "io 

Carbon 0>i>^' ^LJl ■ aLuoj ■*■■ ^^ .a^.i.v.^iij 3j4j>JI oL^jII 3^ cl;^ 

icUta ^ 3^ i^.- ...n a_|jliJ| ^^iLuUlj j»9jLo^jVl (215L ^ (^Jl Fibers 

i_3Luaj Jl£j i d a b x * 4 ;i»^ i ■ m-Li iii!jj .CjLpjJ,! »JLo> JiLlAj -' ■•■■>■ I 
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^jjiijj ij* ■■■■»-■ (_ylc CjLaLiJail tfju* JjuLij . j^j^SLII i—SLJI «j» i^i-i jljja 
jjai. ( j J a Lgjjliijj ^j-I ...VI 3jLa jjja ijjlijl <<C^. ...II 4jS>jj1£LlLI j^oIj^JI 

uiS L*Jaa.J S^jia JMi- !■> r/-»ll Jjol^t Jlu> 4SLjjjjJI "bajLLa 3jLj (_yi£. (J-»JJ 
<-ilj'....ll ( j j9 jjiaxjj ji jjj-"' SjulI ajlx. .1* <i 1 .rfj...la 4jj*.j ** J ".' <— ^JL>*^ 

"UOaUI Jl>ll 

■J"^ i ■ ■■"■ (jic ~ lt~ .-.I La 5_^jj.Vl 4JjVI (_yi I I.al ...» (_jic JJjJJ La I^>jj£ 

<ya "-ju^I ij'.i^.u- ^_tj .*■ ^Advanced Materials s» is~.il jlj IL 

jljJLI UJLA -I ■-»" ■■■! t-^I^JJJ . ' 4c_aj*dl 4aJaJlj "ucLlioJI CjVI sell 

Q%_3J| i /. . ^". '. a i '* Ifl . ..j« t /_jjl 4_i^>aJaJS~Jl 4 4jjLu^>JI ~m ^ t- 1 1 *_>e 

- I'iU^.i. j^f i «j - jji if (jjjli .<d£ I jjfc (jjo (ft^.j-11 cr^-j -C- "-*--•' 

Lillja . Ljja^ljfeJ LiJaLxua^ 1 -».lu. . ^ * ■■ "^' 4jaJL~uXI JlaJLI 7c ' l~ ■ ^ * (jU 

"jj.--.~itl 3^~^J| ^ a 3jjJl>JI jljll <jja -i"JJtl J t ~H Swolieulo ^1 lj_laj 

2 - i "i~. 1 1 jljJLI "LfljLU jLa i<Lu^ie ill sljVI (^t IjLJJLJJ Laj^cj . 4jj^UI 

*■ ' Advanced Composite Materials 3 aoi"Jtl 3j£lj~J,l jiy.1 J« i" 

i-ajj^J <_pJ!j "jjl;''l j-ii. jIjJLIj v ; Glasses Metallic ^jiiJI --U-jJIj 
^■1 i^-'.-.l J r I ■ v. j^j / ' Amorphous Materials "uajj^Vl jl^il ^Li 

jj£1 j->-' ttIU ma (jol-11 ' L» ■ »j 1 1 ^yJJ j^j ^»- 4jsJl3~i1I jljll ^ IU i^-»a 

L»a.>i f^j La tji^j ■■■ ^1 Nanomaterials "u^LUI jl^ll ^a,j I jl_jjl>o 
*■ '—'■' i_3jjjjj '(l)£j "i«" dj^' {y '" j'j*.' " "ij'-*^ c -3 t^-^1 ^ij" - 

xil-uual La ^jJJ Ojl (_jjJI SjuljJI ^j^.jtj'.<*.ll Ij'l ~>j.U~j l^jlf Jj .^ — H 

* * * 
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saj^uit-aijiia^u 



<^b' (J 1 e^-* (V/^l &>l— ^ c>J Oil 

(jic L^J^L>. (j-^» I iiiU 3j j-"« <LL>-j (_, fl 

..-jbSJI ( j_^o JjVl vM 1 Jj '^ e»— "L>* 
JjUI a j gi it ^yi — uAaJI jjU~ill (jjt LISjjsjj 

1'ijgll (_, "ill «<iSjl 4 jjJaj» i ~ 1 1 ■'■■' i-ojSj 

Cilia jl JL*j i(« gjLcljLiJj cLoIaJI 3 jj *;<• 

tuj-uaji ££jLjaj jlSJSl ''■-;■■>■ 3_UJjL Ljj|>2 

(j^ri'nl lJljS I yljj -^ sjLuall 4 j ijIS'tl 

Lillj ,^k. (JJ^IS 3n ...^Ullj »U1*]I *V> 
iiikJ^x .till Jul ..-■-> ."^t ^1 4_JjVl (diill 
j»JljJjv 4jjU^j3 j_Aljii jjjjjjij /^C SjjvLc 

tluljj J-^*J (jl-> (jL"U^U 4UI ■» - |jl JlL» 

4jlaj^j 4juJL>u 4j>.l^ja J ^jjj .".«tl Jj^Sjl >u^)I^>.j4"oj^i M'Vk^i.m'i 

..... , r ,,„ , - ,, ^il >i iL.j J_.l>c ^ cLu 

j^Jjj J-K <<t — IS (cJUJI <_iLp J_fl$ .oJjJ^JI olj^l^:pl*^,>o.;^ 

4 .nlVj {y* Jj gilal. .Qjp^l Q^JI j^ J l~i fc « s UU i S.»l_llJK««j 

Sj'Cjni^lSLlI *Lj^iiiiJ 4jjVjjJI QLxaa]! jjj ^ijjil 
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(dj ij Mir j-ullJIj j ilir j^lill j^j_>iJI J^Li- s L« U 1 1 CjI jL^lxl i'n)->.Jl t7-^' 

"i 1 ■■■' .ij.i-v (3^1 l j"" ■"■ pj^j jlci-3 i«ijjLalj (<JL«J1 »L>-j tiL^Li (jjibLs i. .jVj 

• >LjI 3jLaj ^ •-■■"'■ (Ju-oJI j^a (jJj^l 4 'muII hL^jjI (JfJ^ liiljj kcaSLII 4jjjaj» 
4-jj 3jt.ll jjl~i mi m I jl&il Ifl1iii-i*f-».l i_^l>. jj)$M\ t^S 4j_>JaJjl aJLAi^ijl") aJj) 

L*j_>_s Liiljij jj^jJ 'L^! c^Ltislj * j'"* oj--»-La i«3jljI_^JI <Lu__uiJJI» 4jj^Jojj 

tL^jjUl folcit rO-^Li 4_a_>-U LljjjO Lx3ja_i_aj Uj uAfl I^jmi ij I miiIt-'io lj<ilr 

jjLJI Lx>.jJjJSj aJIt. .Uj-»-a ^ j^tij jl LiJ jl£ U «LlII I Juk VjJj i«4jjjl>JI 

)i_jLj£J1 I jufc *lj^ **;— ■^; '» ■-! jl ___,] jl£ Lsj .SjCmI I I j".l ^j,U"j 
,-il-»A.» ^jlC <LtjO JjjssjI (jl (_yJ3 4__j_)lj (jj i^jLill j jl— J jl Jjl i j JMJ 

.4jjJLl1I jljll 5 jj a ^1^ Lxa ' «j «"■'.! k_jLjSL1I j a (jJliJI (_jLjJ1 Jj "-'■» 

<- I ^ . ^ 1 1 j mj T - (j\JJ~ mil (j^- LAj j i «i ■>» i 4^j_pj iLg^lj-ilj 

l^jl^ulaJJ iUjJLJl Jl^lt ■ !-j •■■-■" 

Metals iijlj LUI Jl« -3_. i_.ir.il jlj__U ^1^1 . : *- : jl jjUl ..U-, ,..'. 



al^j^Jlj .Glass rL»j-"j 'Semiconductors iij>L-3jII oLiij .I^Mjmj 
la.iv; mil aJjVi oUUJI 3J>Uj juG .Polymers cjIj aJjJIj Ceramic 

jljll JLSLlLI i—ojuiejj IjLA .f<LiJj_>lJ jlj^s) Sj^iajjLj jLt-il CjI j jlj^ jjl-»" ___,£ 

5 1 . -. .-. ....". 

'* j i\«.i j| j C «j (-m-w i4j»j^"i . ..II jj.^-~'.ll sLdj^ls i_a^ti>.lj <L—_j->Li]l 

(,-.r,ljU...i) i_4jLii AliJk (^ j! .Nanolayers 4jjiU (Jj&j) 2j aai Sjj^o 
^ tiiJ j£j . Nanorods jl jl^jI ^■~ < * jl Nanowires <il'%J\ jl .Nanotubes 
L^ljjl L^>Li-l [^yk. 4j_>I*jjLII jljll j^ijj . Nanoparticles cj!mi-». ojy^ 

Cjl j 5j ijlr.ll jljll j£, La]>j.cJ 3ju^ J . ^' J"J A ^Sil 1< ^H^!>^ l^ 3 '-? - *^ 
• j * . ^*"j «uj jl_x_>.l 4__jjJj4j (-^ 4jjjLijl JljJLl jl '"• j*^^ *j J. .".I .j.^tl 

( __ p lt (j nS t ij 5 a I ii", a j^j.al^jcj 4^1itil JljJLI tf JlA .»"ia-l jl is iSj^JL>Jl CjL*j-UI 

jSLaj V (_j^slji. 4j3 j^Ijjj iSjt. i4«jiin"i *jj mJJJI (^yjL^iJI JjiUI «ljl_J 3*L_dS 

^ ■ ijIS'll j|^J,| oLseILs^ Lfcjiljj 

Lg^M^j 5-^LUI jljll JISL^V a Ah v II ^Vl ( 1 -SjJS-iJI^^Jij 

jl . j U~. . .. i ._JC ,'.ll j^j ,fX iY iZ) 4_u^>ClJI jj-l^fljl '"''jj" ■"■* (_,-)} **; ■ ■■'"_■ 
:___ r A Ajjjjjjj CjLcjoT-a lij^Lj ^l 4jojL1II jljJLI ' -•'. ^' 
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"^t«LIUI>ll«~ftW 




Justin -iy ■ j L>o y ~ " "■> ' '' >4 1 j |C aVi lie ._■ _ u ; u -~ p -j •( ] - 5) jsuai 



(1) 



(iUjSfi iuiiij) a^jji ■■"•' - i-> (r)j<(jUjVi ajukj)ijjj4iji_tjjijtj) 



KUjUi»"i Lajjj f,t In 1-5) J^ Mill iJ&jjuj . jJusjjU lUU jJ^ i-AjLui (jnjjl 5a 
Cjl j rjjLSj l^tg-v) 4 -*j*j 4jftla ■"« 4JLla 4ljiti ^^lc- ur^j 4-iaJ! tfJLA jj-a A ij 1 1 



^ji iUj* *.j Vd'iljC .'.II ja,U->-\ljj ^jil'if 7 jj-«.H ^yic ^jjjjijjl I iti lull 
jl&lu 4_loJ1 a I feCi i a i - LLdfe^j_4a '^JJ iJ "J, ^ ' (^ ' * ) ULH** '* ' *"'^"" 

jljll « JlA SJial jjjsj (■ La la JjJj (JjJLJ Juu L4I ^jlSI (_gl) jUjVl 4jjL>.I SjjJLJI 

Jl_4£.i CT 3 5 J iliy.l4j^LUI jl^JLIJi^j Thin Layers iLAi.Vl jtjSl^JI I^SjLS 
~t — t «.>12=> (_yi j»jlje2 cuj ^pJI Jl»£ ! Surface Nanocoating ^Ja J)l\ *}LL 

.<U...1I iijSj A^lflVl dUj jl < l.lir-iUjJSlUI ^ L^IjL*^ (jlsjJtj 4j^iiJI ijLtiUI 

djjiUI ^ L^jI^j 1-3041 SjjI juJI oIt-mII iJuiiu J& \aj'-t'i hi 1,1 Thin Films 
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i J 

Jj*t~ 2^X(1 - 5) JjJL>JI (> JJJ-ij 1,11 < nil! L^LiJI A^XjjLOfJSi Ij^Uj'.I 

<UikLoj i jjLUI (Jjl^jj ^yxjliJI *< -» U ■ ■■ t^Us JJjJo jj£. 4iil~-rl,l CilSjilri'll xilll 

. i~ll /* i t L^ i I I i i\ I I m_n i . 1 ..I i i i 1 ri > U . .. Ijji. ..~V t il l y^| « *>*i\\ 

,".1 ^j .U~tl 4jil^l ^oJhll — *-••• g^f^* jJ^iaJJ (j\x*t*J :( 1 - 5) JjJL»JI 

.^jUJi Jpli^j ajMId ijjjia ^c tUtij ij Al'^tl 



uUlj 



»Vl JL>-i .-.ia :; u-it iii,j I 



^1 l^-ifllirtj ijjilall ^l^jjl 



4'ijIII jl^il -U...t 4jU»- ^ SjLij .. '!!<•; -wMl ^c 
• >_iLii.Vl_j i^U^I 3 r ...". Vi .olj-UJI Ju 






'^U< 



Jai 



j j^a L^juLfl^>-j CiL ->-"i.m -» k 



.^UallVlj JLJI cy cjU'jII 



.CjLjLajJI JjjIs JX- CjLiillj ."tKl'.^.il i^jIj^kII 















^ S^ijII ^L^^SJI J>^ ^. t V. ,.,Uj I j* ! •~ 4 1 ' »^ ' *« 3 ***£ o^^ • 
^I^Vij 5^1 JJI C.L.LU .Cljjl^^l^l Jy^ \ ol - J > i, ^^ 'ltO^ 1 J^ 1 
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,jx 4liJI 0J-& 3 1- j * -» * u a Jaj^ ij : jLuVI 4 j M.o SUjJtU I iljil • 

Juuj .^LajjLj 100 ,j£. LkjLajl jjja (JjJulj (jjl -iia Ji (jl 4jjjLi!l jlj II 

V Jliil Jjj^ ,_yk. Laiaj (Nanotubes) ij^LJI .-.iMjU ...Vi jt i_^jIjVI 
4jjjLUI i_3LJVlj .(Carbon Nanotubes) iyjLUI (j_jj>£JI <-^a^ j"-»-»H 
iMI't i*^ £iUi .(Nano.wires) 4jjLUI l<]}L-uVI oUjSj (Nanofibers) 

U-luj lK'J^ lS- 11 " i(«ij» 1-5) J^miII (jJI Ljjiaj La I jlj . jljil <jj« ilaJI 

(jtALaoVI (^) <(>UlII (_5jJo5 ^,-uljiia ,jl iU-».^J Lijli i4jjjLj ijljla mV 

(jl (j^a («£.jJI (jyic I Jufc i^ia^JLj 100 (jc <j^-3j 4JIjJqj-uVI SjL^Lij (X iY 

cjIIo 5jl£. (jJJ ju^j j! (Z j,jj>JLI (_yl£. (_, uil^JI julJI) jI^LI «Jla JI^Li 

. OI^j>««j\jII J I CjIjjjOjjLLSI jj-s 

I ^ . ii ii i I j\"->o j^yjJI 4-ij-iLiJI (jjj_^£jl i ijiu a Sjj^iSI jj^iljiJu j 1 1" 5_ / mIL« 
.4^^JUl ^uL 4j<nKjllj 4jjL)-iiJI <4jjLa«jSJI (_>ol_$iJI (j^o Ij jl£ ljJL£. 

^j jj^j ^ jj| .Tensile Stress juiJI ^bL^j Strength i«jL2-a p LajjlS 

( _ T 3 jj^aLaieJU I J »"■ 1 1 «-a ■ ■ I . ^ n i<l^l ...t i .~.1I 4_ajLLs 4 ij a ■ *»■*-> 4jL» 
mJj^I lgl<Tr_l Lava n.lmll lLIjLijji iali£ jljia jjj/JUj 4jlIL)1 lj'.«l'i< 4 sjfl 

< MiLJI y- j m<j3 7c J.-^u (jl LiJ>£. (jSj /oJj . (jVI (ji*- (jl uuVI I j»*' — 5-jLo 

*-3jJ lIjI^IoJi i_Jlji! 4 jjJLaj 4-fcCl.a jIjaS ■ aJatJ jjV 4jajLJi (jj_j^£j| 

Ij'ajLiLa *ij (j^t>- VI l^IJ i4j^j)Kj1,I Ljj^slji. (ji uMj L^jJ^Li^s iuJ 

^yl^, 4^jLaJ1 5j 1 rtll (J!Lo i^j^I Sjj^i (_^ol^>. »^ c^o L^JI L»£ . jl J^J^U 

(jj»j .Sj j a ' i U 4jjLx4jSJI L^usl^i. (_,!£. Sj^it .^yJ^SLIIj (_$jljj>JI (Jjj-ojjJI 
b>L>JI olJjSLa »inni ^ 4jjJLJI LdX-L^Vlj i_yjljVl *l Jiti lJ f-i_»JJ.I 

»j^>- jlj jl t mm inVI 3)^ **■!», 4-iJjj"'CtVI cjL uiL>JI -'■Ij uij 3j--i -tl 

.4nj«ljJI ^j^pSJVI 

. jUjVI 4j»:L1 Spheres oLjiLJI Jl*] : JUJVl<u3^^i> il:J, ^ji 1 • 
jI^IIj ^l_)liJI (3;ia.li.io iilJji^j .Nanoparticles 4j«iLJI aU» ti jfu 
j-* 4HII ua^J 4JiL«? .Ultrafine Powders 4 a^j^iJI iSjli a j < j" l jj ■■■ ll 

(jl (jJJ IjJiJ . jUjS/I 4jjMj L_^JL) i.-.'i«"t jpJI i^A^il <ja.^JjjS^JI jlj_JLI 
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^^L> 100 (j£. Ji3 X .Y <Z 4_Ji^l jjUai ^ UjLuI L> ^_yLi a 

jj^I -■■'■ a! ■* ll ;j.' < - 41lA (_yic OJl£? ftlj iji i jUjVI 4jjMj 4jaJLill jl_jJU 

.ale. <*-^j 4jjjLlII jIjII ,j^a ^jiLJI rl^J)" <L»jLS j ■ ■ -~" .ia^«lll iijla 

Lja.jJji'v'rll .-■! Sj^.U-.tlj CjVLseJU ,^3 L^jLaLlV'niil JJLu ^1 IjJij (iiljj 

CjI ij i-». jj-^l ■■■" jlj u alj (jVI ^aljjj Jliil (Jjj i-u (_jl»^ • «i jjJl>JI 

4j-oj»i cul i Nanoparticulate Metal Oxides ^IjiiJI ju «l£V ajjJLj 

jjSLiiujJI jlj u,^! Jiu tuljlaJI _u uil£? Ji-jG (.ij-»> »3jjj^ 4jj1 iA*i«i! 

(..^-xijlVl , »j ■ ■■< * . Titania (Ti0 2 ) ^tLpJi » : ■ ■■<? .Silica (Si0 2 ) 

Magnetite (Fe 3 4 ) : j^_jjl>JI ju u,l£l >'l lj£j .Alumina (A1 2 3 ) 

.sLloJI jIj^j .oL-^pSJVI 4£.Ll^> ^l_La5 ,j__a Hematite (Fe 2 3 ) j 

SftLa^j^j^^LjijJj i<b, IjliilH jljll Jjt* i-LL! jj Jrtll .4jjJL»J! 4_ixLaJI 

iiLIaSj iCdTe jujjIjj ^jajlSJI JiLa cj^LuoaJtl uL lit lL)L£j^b oLu> 

4jjJL*^ uJLl 4j^jlill JjX\ 2-<ul^ u^/Ij (^ GaAs j»_jJUJI CjI li-i-3;Li. 

L^LiJI 4^.1;.^ ^j iij^jJI ijiJjf^iSLI)!! 2j *>.Vt^ oljjVl 3i£.LLu» J& 

tljjJJ Cj^Luso-4^ 5j Jill L^jLal Jl*j ul ^yjj 4J3Lu3VIj I ju* .4-1 ■ ■■ i "■>! 

.^mi-*JI Ji-lj Drug Delivery 

.Nobel Metals S^aJI oljiiJI j uaLUJ 4j^LJI cilni^ll 4S3 jl»3j 

.Nanoparticles s^.^.^ti ij^UI jl^LI pjt\ ^ l-^a JJI jlia ^^Vl (ji^j 

^.JU SSl.'t I 4jjU1I .-ilSj .U',11 jjjs^jiS^yS L^jLaliiT-linlj I ^'ijaitiV till jj 
■*■ « '*"" u<l J^J .(« mi-*i1I «Lua£.l ' . • J ' ^"' u^I' ^J J '" f*'jl5*' (J^J 

DNA ^j>UI (_>q aL>JI J ^Llm jujl^j Ju iujjLUI i_. ajlJI ol h.-k 

^jjJI ^ji^LsJI J^iLu, jlj_l»o ^ till j^j .^jJLLi ikjjjJLI Sequences 
Ijjlc LajK~.-^I f_yi\ iaLuaVLi I Juk . (jL-uj/l >cu> j3-*j t?^' .".I ...jjj^li 
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, a Al* VII jjLllI jljj> 4-a ' S* 1 1 .*il 5^ ,L-.~lt Late. Luslj t'linl Ujjj>.( (jl Jutj 
3.u«,U a J -l«"il I 4Jjj^3j i— il Tvll I JLA (jja i±JIjJI uU! ,_^ ljuj ,jl J— J^J 

ilaLuij j(l f-x*-> (jp^ Lajl J -5-i>^( (J'3-" <!>*■ ^ b0 ' . 'J - ?* 1 U' "3' *— *dL) '^ji'*" 

41J3&J La '^ I J * a jj ■ ^3t I] L$S >jre_» 4 M ac i ■■ I i ^* I fljLiJI L±^.aJaJ£j Cj ui^J 

Ijic f_J-2j fljulj (j 3j j«lc ^jj* Jj i4jjLfc£.l CjI rtjjWij CjI T-~iio ,j-a I U 

IjJIjLaj i jlj II \3^J tb^-LiJI j-LaJx LU L$je ujj S-^ioj Cijljjj ^n ■ i»T 

IjjJic I i«a Ju a i l-Sjjj 4JI ^jl mJ jjl Jj^sIjjJ.1 (_, *t i >» I i Jl^JkJS I JlA jjjj Juj 

• 3 ^ ^^ a i * 

| ^L^ . j.T I ^ ^- j III A 

4a.jV 2LKJI ia-LJLI - Lo p ■■■■■-< Surface Area »U,„ll i».l ^ ju£ 

/jx. 4jajLLll jl 4— It L^-i j ■ i"~ 4__l*-sL>- rfu^l — 4j3- jL>J! p ■■■ >J1 r* ^ ■■■' 

.Aj^oLsJI «Jl* 4JJJJ mJJJI (C^ll JJ-JI liJIjjV} .4j Ijln'tl jljll ijji LkjJt 
(Jl^isl ^ njjLax ^ga\ i ■■"■" ii)(« (JS[ u (_yi^- 4J>i^ AjlIoA LijjJ (jl jjnViil'3 

(jJaJI i_jSJLI p ■»->- jjLa «j (j^j '«ij-">» > #-*-« Jj i5_j' "^ '.'''j**- 4 r ^Lual 

Cjlji t-ja-g-L (_yKJI JJjlII tjl (jispjjllj .(« 1» 2 — 5 J*> nill ) «'' l _yl)> ^jLuU 

,_^ I jufc <Sjj 4086 jJt (_■«<!, I I jufc JSLuk Ji-lj LgJLSl^a J^>o tPJI Sjl — II 
I j^J <j^jLiJI 41 mil jJo uuVl ^yk- SjJ^-jJ'l CjIjJlU ^yKIl JJuJI <j' L)^»- 

.(«i» 2-5 JSLiJI) 3jj 1352 ^a >_..«SL1I 
l^jjji £-j>-»11 j^>-IjJI 4j>-jJI i>-l tujo ^Lfl nijLL^IjjaVI ajuk jUo| ^3 

(^jl uij 4j ^yfc.jLiJI jtJo ijAI 4jJSLII 4jvI ..ill ,JJ$J («J J^aj « \yi» Ojfij 

£jj^" ■ -■ « (jj 6» 4^>-l iii a ,_yJS 3jj*._jJLl CjIjJJI jjlc (jl t,,!*^ IjUb .« (jjj 0» 
L-utSLail^y^jLiJI ~ U...1I 4jwLui»(^u 4j ijiill (jaSj (jJLIIjj .3jj 1352 

6 2 6 

(JjitLLla, . i( = "cTj '""" J " ,A ""*-!'"' * w arf "T"*"U -.'J 

^ 3 ^ 
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AjJjeIII ijjuJi J^c £jLJI JjJjJI i h<U 



(jl J-^J ' <*j...a f((i_i» L — D 



(JA-jJ.1 (j 1-uJJjJI 1 _ I «^ I, I (j£. I^ll/V^g L^JJJJO 1"i<|" (_yjJI l«l jll ft "ill CjL.«^U 

1 a ....i'l 2u]L»».)f I S^aiL a u ,;--»« Jtj t -,j->. ,(« |» 2 - 5) J£ JJI <y3 

(_, .Mj'ijJI i i«^U 4j^>o (jl Jljj . (^iLmSLa A-uLaj ( _ 7 1^ 5 <i miia 3jj 4086) 

^jjj ■> . ..a. ^ ... i 'qU jJSI lijl L$J pj j « i ri » U°i ^jJLcii ^1 — aVI i_i*SHI — 

jl, V<i< i («Je^>Jlj jtlajjjl <L>.Lul4 (ju ** ■ ■ ■■ ' I ' & ij^ ' *«*!■>»" ^^ j * ■ ■■_■ IjL&j 



iKijl 



48 



3 



^ 8 " L$J^ '""'^ "^Ij-* (jJL»J 





,■■■••■■■ 


Jjj » r j»Si.i Cji 


s?:::::: 


^y>^jj! 


■fiffiii 




^::::::: 




■■•■■■•a 
■■■•■■•■ 




ijjr 1 ^ Mil' o'ji 
... .C Jl vr,l*-l 



ijl— y L*£* 64 Jl *iJ*-^» OL^ 8 Jl 






(-*) 



(V) 



(') 



jjj 13j2 l(p » ijjj 4086 (J i^ I ilCII IJLA Lffj'^Jj-L^" ^l>" w) ' **' *.'* J" J-' 1 ^ * 
iL^iLUI ■'■' ■-«'(■ .')„' J f ■"" 2->^>iJ • i ^»'J L »> JI '"' '"" 4-».h ,,il 4jj.ji ^,1^ JL>->i 
^KJI l|ja^->- j^ I jj SljjI i,m a s.lj^.li_LJL4j ^1 (ij^i^ i.ii'ijjli n^Ui-jJ^o,^-^ 

^ILJIi^iSll^tj^tyim jo*JI j>« 5ji 2388 l^jlr LL>->i l L 4 *.j48 jJLJI 2u*.jL>JI 
iL^*-j 384 y I .jl 1 n<olt i_jjfcjLiJI ph niVl A»jt f**»w« Jjl^iy I J-4 .5ji 4086 

_>jjj>ji j^aj.(^».) tc^ 64 <ji) u iim'i^jii^iS^islSjjo jjj^ii-Jjj ,5jj 3586 1 j'"~-" 

^ij j»j£ ^iilaSj .aJJ t-^JI '-jj J * -en , ^ijjU ^^iSJI J_utll pj 5 " 1 ' ;" ,a tx — N" ' 



Jl^aSil 



3 J-c Jl*».LD1 OIj jilll j) ,'ij-w i(J Ktl 



Uajj ^j inn'tl ,j^> ^ ' '■''" SiU, l-»itl <L>.jVI uJc a^jtllaJI Cjljj_)l j_ic jj 



(1 



^L^kJa^iJI ' 
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»U.„'1>I j^lc 3j^>.jJLI CjIjJlU jjJSJI JJjlII jlj-ia 4_«_iS ^ J^lAojLiJ • 

.5jj 2388 ^...Vil (l^a-j 48) S^JUI 2U.LJJI oL^I 4_^.jV i^jLiJI 

iJLil .n'vlLi 3-ij a-jll tjljjil (jyKJI JJ tJI fjjtstua j^Juj *_! (^>- ^ I J & 

jjSo («J j>aj . li^vVl ■_.»?v.U 4j)^J J^9 4 jlf C^>1£ La£. J££ 4 j'lU'ill 



%33 =100X-^ 



... 4()86 



(jjs i'i iir Lxiaj J £ SLJLojJI i it's 1,1 CjIjl^jj >-^!jJ U 



. ,J» I Jukj ,%58 = 100 X 2388 ,| 
4086 %r ^' 



."oYyxlS i^UiJI oLaSUH ij^jLiJI ~U,.,'Ml ^^ jjLLI cjljj ^-ij« 



4jju»j (^jjj 4_uLoiJI CjLl*£JU (j o i. i tS a JSJ 4jjjtl!i jlj-AJ >-ul *-«J ' 

JSLill) jJL^qJI ^ LukLla I n*C a 64 (jit J uascj i_3j_ 



t j * ' ^ 



I CjLutSLa 



|jukj.(4_^>.jl X 6 I n<a 64) > ^a.j 384 (j la ^j lao .(ccl»2 - 5 
j fl ■ -J Lava ■-- La ■ "»l <L»~L_uiJL d-JI g-vVI «* a-jJLll i * g I ■ aj ^l ;_£.ljj ^lULi 

tfj^j «_i>.jL>JI 7<Jf3 ujVI ^jlc- sjlil (j^» 3jU_L>. i^iljj j j £a i kc. L^a3 ^ r 

Jlaj dilju (^j .Sjj 3586 (^l ^yKJI LkJJiC. J-i-oj (_^ SjuJjJI CjL,c«SHI 

^Uj ,„■> Jib 3j>>>U cijAiJ yJSJl ^Lu.-VI jj^JI <>* %88 ^ 

.(5jj4086 )c J L J SUI 





(I) 






(2) 



(<-i) dlajJf 4Jbfc> (^ LJIjJLa^JLJ 5 J^O ■* 4 • aH dJk^ g-^-p ' 11 * ' ' 
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j^i-o ^ (^Jjjj^s J-^»JJ i£^l\ (3-5) J£ — JJI (^Jl jiaiJ dna- l^J J — i^luij 

5 j'.jM ',,-■! ,j, — U.-.l ;^<- j/. | ^.';j.t5a ill^tl<- ^"■^"XINI j^Lill i_jjSLu.j^£LJLI 

a ^ i»" i—Sojls i*i-*ii 4-ijLjjijSL)I JjjJuJ! »l i^»". , ,.t ■ La-A^ j i ^i -<o «j 4_JaAJI jlij 

Jj^aj ^1 2r**n '"'*;j.'— tjl (« l» 3-5) JS; iJI ^ Jaa.}Lj . J 4 AI'it- a 

i Ij^ajjLi 35 _J^tJ I Ajlual i U i iijl^a iijj Cjl n i-v. j "nC jjjo (JSt (_yjl LAjl JX.I 
J.coL*. .<-■!. _i.-*-tl L^j Sjo^ail *JJ "*" 4 iiUia ao.1 mo) 4j*»-U>iii <L>.| ma J'-^i 

_4A_) * ';" f Cj'^jjOojLj 4. 1 ) ' J ' ^J r i^& fCjI^iaaju 3. / ) *JJ ' ^ ci^° t — L) ^ 

ajLfljjic. Ju^j La Lg_utflj<L».| <-uJLI J^l>Z iyL>- fjJS I jjfe. L»j^a IjiaajL) 74ol 

jjb Lai lOl^ILajjlJ 5 ( _ 7 ic 1 Ajl Uai.u ,..j".« Jup V I j'Xt ^ ...A.jl^ll j "^ ,j ,-^ 
JlaJI I jufc (jjl 4_uJull AjjJLlII CjI mi-sII (jVj .(«i_!» 3-5) JSLiiJI iJSt -x^ayt 
^l<* 3j j 30 ( jj« 4-1J-2J La ^l<* (_£ji>u lOl^^ia^JL) 5 4 i nlj^ Jala ig J t"j V (_£ JJI 

cjlji^Sjj ^nnfij ^^~,<t jt i jj^il . jU", . .,"■, <lf I. LliLa ii^>.jLiJI I^tUihI 

i ViK*tl \jjt i .....^ Ajji.^tl rfj—U . „ll 4^.1 ^m 0JlA ^^3 Jl3>jj ^ ,U^II J la 

[ _ y J3 I^jjuj loJoLiiuj ■i'ji'-l'a » ' ■'■ ^^ 4jj«IjJ * JJ -J ""' tliljj {_ys ^JJUlII 

LaLaj ' *l~^.~ SjjJt*. J[_^l (_^ol^v ciU Ju^JojJ 45>-i ilS jllj 4_ijLj_^jjUI 4_i^t^>. 

. Sjjj'CII 4jL_ijjv I jj i y *■!! 3 ■ ijty.ll.-.l A.^tlj^j— lj^.11 t iUj ( ^c 

- t- ■ -"I (_yic CjIj JJI Jj*-J 4j uu (jl (^1 i£_>i-l 4 jWi *jIjJ jj ijiJJ I jufe 

•J " ^ 

ilZjIj^xojLJ J fji\ L^ J jijjLLaCjj_Lu3 L:r Jjl 4jjjLill J^JL>Jl^i£<JL>L^u^j4-o»jL>JI 

. (4) ■-■!;:;-"; Sj^-jil olj jU ^1 JJjJI ^L*>.l ,>» %50 ^ ^J j-uaj 
^j„^.l ^1 1 ajj Xi-il .j ,-^11 Stl-^ ^a.U^a AS 3 , .,.•,11 ^"i ^ jjl ->-," V^-- ^'a I 'i a 

Surface »Ja uj ,_yk. SjIII cjIjJ j^s-j (j^j 4lM»JI (i - o) J< mil j^jjj 

jLla^V 3^1-,^.^ ^ ..^,1 ; a jj£. jjjl>JI jJi o1_lu> Bulk Atoms l_<_1j .Atoms 
i^UJI il%ii\ £-;-,„\ jl ^jU'mi'i jj^jII JSLjJl (>aj . Particle Size ohu->JI 

jji^LLa ^^sLij «js 4JI j^JI ^j Jij (^jjJ'j iSj^LxJI Cjlj.ti."iU lillj ltU J^j^h w "I' 

^ -■'■! ^■->n 3_t>.jL>JI -t~ ■■■ > ^l (_,!£. SjUI cjIjJ jlocl jIjJj "~'*. , j."*~ t * jLL^I 
•"'* :-■"*"*' ^^ ~ s-J _ s-*^ 1 2j>>3ll cjIjJJI jIjl£.I aua (j^Luj (^JJI ^jj>JI 
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?iri»iUt 4l$ll taAb 







J BO - 


1 -*"""" 

\ r 


L-dJIOIjJ 


1). 


y 




1.-- 


#+ 




1 


/ \ 




*n 20 - 

1 


1 


• • • • • »*-• 



3^ 



(^>jlj) 



( cr uijJlj>»dl) JjJ^JI jjaijlji J^».^uj^iJ(j^jiJajl > IliaM*)i: (4 - 5) JSLJJI 

liiij jLui j - jjia- .u ,„ 3 -»j Surface Atoms aju^jJ a^jUJi -»- -'v ^_ic 
(^ni i^iUJi ^iiii qj ^yULujc .7,11 ,>.j .(^aa'vt j>>di Particle Size) oi .m-hTI 

Bulk AtOmS CiL».w.>JI uxijLJIjJJI \j^-_}*; ""J'"' 1 ,';.'^ 11 Jl**t ^^^ujjli* jjj <^aJ/3 
j_yic ' ■ "*-*' Otjj S JTJ ^ ' '"'' ' u j "'•"•! -j ---TijiUAt jUui^^aLIj^a 4ji * • ~~ t ■ a - • ^ 



(4) 



JjJ jjja Aj3 5j£^>^s ^£j j*J 



<U^jUJ( iljj,* ^»!>>* 



.uaj j^-*^-* (j^ 4Ja_ 



. 4j » La i «d_ml>, !*«>■* » 



oi 



■ '■1 1 ■-" L^jIj-ojI c^'j-'J 4jjjIjJ! 'Ij ^11 tLflioieJL I (_^o!_^>JI (j-a 4±Lal < _ 3 Ac 



iU5LutSL4l y-atjJtJt - 
La^j^jj SjULI (_^ol^i. ,J^ (jlc i_jL*jVLi^jJj jLuVI 4jjj1J CjI uj-w t\ jjJ 
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tjj> Sjuij uill Lj^sljjJI I'll* <ajIJ3 (_p/lj ^jit. SjLaJJ 4j£jJKjII ^^olj >JI 

I j~t».-i < _ 7 i^ 3jULI tLilj j (jja 4 ,iwr i X Jl JLcl J$*-JJ '"'' .'-.'*" t*™ 3 "' J*""* 

jl^Jj <■ ^ Hardness 5^>L-aJI p j* j^Ih > JliM J^ " cA*^ • *#»•_> LkM 

c»IjL$».I 3^».IjI *■ ' Strength L^^Li* jj)j l<JJj£j i ^cm _, . ..j ajjliJI 

(7) 

jl^o ^ ' -^-j' V 4^j-o «_, a$ <*■ ' Toughness 2 LLlil <j 4 I j_j>» 

Jj£ i^U l^'iajLlaj *■ ' Brittleness 1 f*\ ■ ^ ^ ■ a^j^jJ,! 'iL-alj.. mil 

jjjie^ u^\ ^Ij-II >ijl =tj^l jjliJ tUj-^>i j >j . ^ Deformation 

oljL^I (Ja-x'ij Jj^ mi" II Iflljlildj Lgljlia jajS *J3jJ 3 j^jaljj i nil jl^JLl 

i j . ..^;i jjfo ^ jijil liUj jjjs Sjijjl>. pl^jl (3^*-^ c^l 'Impact a.ii^II 

l^<*r«i"i u\£. ajf^c hJj£ iiil 4_jLl_3Jlj 4_JL*JI SjLiJLI 4ni<-> t>u * «j>JI 

\ j n . ^ 1 1 j <x>.jL>JI '*■! ^ 3^"N * L^jjajLia f-LajjIj 3 ajLiJl a \M ,^.11 ■ 

CjLljj^- a%» j j i i >-i~) JMJ. jJjj <tK till j (jjtj JlSj . <jJL*JI l^«ij<> aI al 

. (U) ol>La^U lOojjLa^lSjUl 

oliiJI j»Lal ^ j^- lj ■>»« (_yl^ •t'Lj-" ^-*>i^J iiLstjal illlj ■ '■—"'« J^j 

S ' •* 
d«-j'.~ /» CjVL*j» (_y3 L_ili^jj ».lVi uij j^i 4j^jLlII jljJLI (Jjo Sji jJl.-v.1I 

4JliUj 3j>( uaJI 4^jlfl jii-sll CjIjjIj 3jI >JI ^Lljill Jl_» J—" 

■ 'ITi j»J^*J "<J OiJJ^ -uLJtlj Jj^JoJI jLiT jn->. JL*-4 ^ a^ojjej lmX\ 

.JSIUIj JjLuaJI J-oI^aJ ojisjjJLI jJq u,Vl 3_Jai5 JLaL» ^ '"■ 1 ;j.-^ tl 

(12) 

Jlu^j aj—jjLjjIJI JLoj^ dil jjj-v. a-ljr" i^ij ijJljJLl Jjj i-u ^It' 1 ^ 

<La.l Vim 1,1 j i — \\j « Untl oljjl_J JJLaJI l*11j » j i i r»'i ^^5 (^ m-yi'ill 

j<Ka (jjl Jjjuo^JI (ji liil IlSj iJj^LuiaJI Sjajui j>1 in-^-VI « ^ l~ " (^ 

j^V i^-> »_a (J^aLajJI J^l >. (j^a «_ia^>JI i>L_iJ,I Cjljj-r ij Jo ii]l O jj 

SjLo aIjl=cj__l4iI jJjo Vjli liiljj iSj^LuaJI 4_JLc aLia. jJj,t>J I CjI iJaJI 

ojut ^^ol^^. ^£. <Liol^>- ^j ^ ^ "- *"■ (_^J Ilj i,jjijJI *-&j^yz 'j ■■■VI (jjiULI 

.SjujljJI 2j^jUJI jl^JLI 
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'*■! ;;;*- JiLa i4jljj.!j 5 <N uaJl 4jjjjj_a (jVI 4j^JLUI ol ,'J."**^ 

4jj_LaJI L^jljaSLo i^jm a>-jj *Ly-u i Jjji iii!l *Ll3l (jjs 4J ^j^sjjuj t_£JL_JI 

I J« " JliflJ (_^jJ!j 3jl^»JI <*^3j-U (jSLa^l ( _ 7 J9 <LloL». ■ (J ^ » .' £-a lgir-i« ' 
I ^*.'al*,< ( j".-.l ^M ^Jj Ijjaj cdJjj i L^jftl a^ Jjj nil (jJS 5 « i ^.1 , ., 1 1 OjjjJ! 
2AIAV| ,<Uj j»I ■ ~"--l ^j? jl^j Jji -*:.-■» j^a aij.-ll c.ajjJiJI i<ll" i :*■ 
3JaiaL»JUj cjI£j^J,I cjlJljJa uf jL»jI ij^LLa^jju j»jlc ^1 4 j^ljJI 

lLiI^sJLI 3*La£ 4jta Ojlj ^ jjl ^-aVl «3jli^Vl LajUjIj L^JIS^ it (jic 

xlj Lttja » Jjj^pJIj p j — ■'■"II CjjjJj JjiSjJI ' 'IN j" ' •■' oV.lia '"■ ''-->^-» 'lj 

4ac1^ JiIjjs 4ial i>>! w S] CjIjLj uJI 7-Lul l1>1£j ill (j^o (j Ait j JLoJtJJ 

(jJJ .iJIjIjuj^SUI dl!j£j l 4jjliiJ1 .tj.nl£>U 4jjjLJI Ol mi-kJI (>a iilit^ 
■ OljLoJI Liilj JSLyfcj ,» ! ■■■^ ' J-liil ^ 4^JLJr:,,„ll 4j}1dJI .<i m. ...I I 

iijjljj>Ji l jjl 4_»uti5! CjI a ' ual\ (J-a.>Ji jjli L^jjjS «JSj (J^sjjlj ell ! jj 

, 4 In i yalJL l_Q 4 itjn-»«l I ^JJJ_>J» ' 
*_a 7t o.u jj "II 4j^laJl jpLLJI '"■' .'J.'"- (j-» 4jUJJ,I 4 *l/»*vl j__ju_j 

d 1 jl I 4_i ■ .._; i^ll ?c_uLiil JL>-I " t ^J."^J^ jlj-a (j-a !_£>*■ ' *— " .'J. 1 ^ 

i^^Vl 4-ol ■•^■ill ol ^jJLlj o(jjliaJI ,»l ui»-l <C.Ujlo ^ iaii^Ll 

) g Kl ^i A -> I ■ ■■ -^ I jjis^jij 2-^-j""' I jjl^* 4j^1jJI iIjI jL^jj-'if! Sjjfclli (j ^.1 -«-*_j 
^j^a jjjSLII pjiljJ (jjjijjjJI ( ij i ii U (jl^ (_$ JJI i n ■» i o 1 1 j t jjk_jU 4j».jLiJI 
^liJI ■ fl^aU l J>L^ Ji > *L» J< i 8 :,; vjISjJI oIjjLId (.h^.1 ijl^* 

^^iJI 4-al^.ji I 4JjSHI 4 £aJLiII lLi! jj it<ll J-sjljj -(ji> ^" L " U>^" ij— -" 

*"^J ■'■• i£\ JlLi'ial *-La-> 4-ul i>\all CjLjS_p,! (JSLlA ^r l-i ml L^j (_, l^ii") 

Ajz*}\ uu (_ 7 -l^. Jaflljej La-a 1 1 J^"- jj I J a ' " 1 n^jj <« uu>JI (jyic ^23 

7-jS_^jj ' ^1 4_i ■>»lj"ai'VI I * j I 1 c I jj^s Ju^Ja "~'l^ ilU»U <LJLLaj 

a^Lai jijii ijS* ^Uiji o^ urJ! SjLiVi jjl*: .%300j %200 ^ 
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( _ y jkLij ^c j^Lj 4jjLuaiJI i^jla£jJ.I aI "t>-Lj 7-jj JJI jIjujsI i_iaj L7 & 

JjJl>JI JJlC j^yfl 3jjjS Sjuj ^ -»j Lava i 'J~' .'J." > ~ Jl— «jl (j^uLLa jjluo 
SjiiJI >«i <n-*»!l j_y^ 4^>. jj *-^_«iJI _jl Juja! .1 inj < rt\frJ AJ-2j (jjJt 4jjjj J ».n 
100 (jjj La (jjl LbjJLuaj Oil ij ;-sll jLjj? jj-aSLij «_« <(jl (_$? . 5j^j»U 

^^iJI 3jmj-s1I Lajjjl^. jl jlcI jlj) j (Oj (j^aj Lftj! jlcI jljp .j lajjlj 

.<_)Lj£Jl I jjfc (JJ5 

JJlC -*>>-JJ 4j^jli!l i^jl m i-xll •- U.,,1 ia.| uua ^^ S^jjSLII SjLjpl JUu 

i»jfcVI J-aL»JI Lufc i4j*.jL>J! I j — t~ ul <L>.jl ^Ic SjUI diljj (j^a f ^-'-^ 

Lajl j I j » ■ >» j I o^ t 4jajLlII 'lj iH ^L.ajSLII Jol iill SjLjj (^ j -U-^J 

«LjL^u£L!I .-.I ^.U"tl . L^al jiej u/l ^,3 uj^.^J.1 jlj II 4-»j12 L y\j (j,!^ 

■ -■'■j;^ ;>a SLiJJJLI Nanocatalysts ijjiLJI olj i>Jll jl*: i-iC 5^i-,^m 

100 <aii-ljJI LgjL^p. jl U«l ^p.jjLix ^.uTt V (j^lllj i3 a^«;ll <LSjLa 

. IjLijJl Lfc^j£lj jljJLI (j^a 4jill a ji^j <U2^xLalll 4JLaVI jojfcl Jl>-I i^ia^JLJ 
jjZLa ajI , Uilj ^ ^t • -tl (JliljliJl *_a ^oJL> 4jjjLJ1 '""j ^^l, 1 / -ti .j .^ (j£.Lajjj 
JyJSaJI (3>*- il^ <L»oLlJI <jrtl~-rl,l (>j>.j^pxlJI Ijml^lj jj^j^SLII I j mi's I Jjl 

J"* - ~'j.' ^- a ■ cjIjjJUj oljl jiiillj 4jjj^s It cjzjaJU (jja »l^ui cTjj^" > ' 

CjL^jJLI iJJl^J (jt^jJI lijjJjJI l jja JLsJI ^ u , njlj-llj aaVI JJjJI i£Jp U^ 

** ' ^ '"I' dJLiJLii ^ i * . ^* II 

3jo ■tit^ ) "i*s"Vl ■-■! ; J; u-.il j_-wj Fuel Cells jj_a^JI Lj^U. j _Oj 

Nobel Metals aijjill oljlijl oUs. j>a ^.jiinU i^LUI olj aswiJ 

t-u^iJI Jji l^JLI JjlIj . tOcj n y a j Pt o-y}LJ! Ji^ Jla ,Nanoparticles 

4jjjU oLu> aI.I>* i ill (jlSjol ^j£. OjjuJ> A^ei\c diL31 mmSI Lli t Ja*yj i— 9_j_i^j 

I i i> oj Lo^a i4£LiLlu>j (jO^LjJI jia ax^u ^pa 4jilSj JSl 4j^la dljlj-u J^a 

^jbj i_iLJI pcldj 4j.al i^>"i^I <LdJjJoj Ja^aJI L^M_i- 'j-^jlj'^" -' ' -»" ■"' ^j^a 

.SjuJLsJI Sal Utl j \l . ~* *i_&\ Jl>.L^ I j 1 j -i »"j LkjLiilJl 

78 



nSjjlri'i L>- Jj-fl-t JajjjJI ^^j^Sj (jjS 4j»J -r~ i nil SjjjliJI '"'lj a>JLI JUtJ Lo 

i ajiK* pLflJjl (j (4-C.J-^ L7^ 'SjjjLlJI ' * ■ I j * —■ t . I (jjS 3 ". A 1 1 i < 1 1" t l__3^j3 

diljlor I j_.lU" j^JI 5 n-r i'r>]\ C jLxaSLlLj ^jX-Lio-oJI ^j'mU ( _ J ic lg.-vlljj 

ijiiljjjl (jjo (-*-■'" 1 1 («SLII I Juk Jy*-j (jLa i JL»- (_$! (_yl^- iLxai] I ojj j__j^£j 

Ljjjicls jj^a J—iji 4jjjli)i CjIj^nII CjI ijj->J 4_l»-jL>JI *Ja uVI M<~ 

(_,£ 4j3.jL>JI LjjI mj-v 7eJ<a uiLj dJjl jjj L4JI ('•ij-w tjjjLx^jSJI LftjjiiVij 

-I i~~, ,,,l 1 "ir 4j| i»j IjlAj 1 1 JL>. 4jJLc -» La ■ a I 4^-1 ■ "1 J «"■ -1" j » "»N ^^i 
jjjSj (_ T itl Ifl'nlr la sjj^j CjI mi>11 4j^jLJ ujljii-»ill (j^a 4 ij«a 4_ujj 4J3S 
1— ii mj-w (jjs c_iJJJ,l 4-mdj (^yjljnjS II j iL>J I f jjJ 4jjj^JI I J •■■*■ sdjSJI (j-* 

(__>jujLijo jl ljI j j« i<-<" 1 3jLil jl (j"-»il SjI^j*. lIjI -•yj-i («^ j—iUu 

1 * 1 ■<- (Jjjcj ,_, "ill 3jlj_»J! 4jvjj (jla 4JI liil 1 _Lj u ujl^a • Uj3l .';."*■ 

3JUJI (jjl Solid State a .1 . — 1 1 2JUJ1 <> yiill ... a JJI jJa Jj ^.' 
. Melting Point - jl j.^'.Vl 5U;; ^b ^^j^ Liquid State 4j3b_J1 

j^,Cu Jjfc ijVl 4 uaii^jiaj ^jjl JIJ cJlj .Sj^la 4rj.jJ 1064 w ft 

(jx. <Lfca-Ltll i_-i ibjjl jAa oljj i. ij'jjj f I l*djI ^JJ«J P-a 4 4 j fill OJ <ti 

4^>UJI j^jj J^p. ■ JI^JI Ioa ^ s^iL* SbUI (5 - 5) J< .^,11 

j I '->*' jLul Q^ljSflj i i ftjjl ^Ji jl j uajl ^ t-^i ^^ju ilaj_p (_yjJI 4jJjJaJI 
(_jjfc jjl jd^ jUJj^ajl JaLSj <Lu^ U^ 'J ■""/ «jJojjs jjk L»Sj . 43 1 i-_u">- 

4jj1o 4j>.jJ 500 jJtJ (_yJI J-^'-' i UajJtLo L^aUj '"■ l ;j;-^ tl 'Ml") jUclbI 

^ 4rtl"iVU jLLaSVI CjI j i_jj*JJI CjI iii-w (^jl ^ij ^ («^->" cr^- 'J-* 
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I fl ■■■■»■ 4j uijjjJI tfjLil (jja jlj^a JjL£. J)_) 1 V" (_yJI l^-ijj 1-4-4 tl d"!.'^.'**- 




3 4 5 6 7 8 



10 11 



j 1 Q-"'' 1 ~aT~~"> fljljj* **-J j (»^ jjjJaJp (J UI iiilaJI Jt itill Ji*J : (5-5) J^ititl 

(^." i>v 'jj^") , "' l :j.^" '""j'^ 3 '' i *' , -'''b(y ■■■ i j"jj^") ^,-n^-n ._.A-iti ,-.i 

— t-...'vi (jic LJIjJJI ajjl J>»J ■■■■■*■ -LcLj^ij ^t (<t».LJI i_l& JJI 



(4" 



»f*J 



L>JI 



dj jl^*^jVl djlj^ *^JJ 4-*jjS ' J '■ j ■ ^j-A^ i ifr'lll 4ujLj^JJI ^^I^JI^i^ 
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(jj» L*jjUij ,j^ a^j ua-J I Ljjla 1_ji. tJr 3 ■ *!"-»" '"'J"** 1 J I jj, I 1 * H~ I j^ I* 1 ■ 

ax>. >JJLj jljCLal JmiHi ill j u 1 1 (jjs^ .Cjl mjtJI °J1}** 4jJLi12jJI jljJLI 

.Optical Properties SjI «1! 3^ uaJI L> ^=I^>JI j n»"i ^1 ol ;.;;-" 

.Sjlll ^Umt Light Scattering ^ji^ll j_i ....dJI jt (-.m.ViU L^Laj 

-up ^^ill Lr AJl\ 1- .aJJI ''■ 1 .'j; — I i-aji>«J.I oj^-" uP 3 »JW (J^-" i_>l*'^ 

(jSU .<L3jjj i^JJI j-ij-»VI ( _ ;r iAJLll Jjill j^^UjJlJ 200 ^^ L&jl-lafll 
jjjSj LgJL3 i IjjjojjU ZU (jja JS! j^l ■*■' ;j;"*-^ aJ-& j j « ■ -**"■ j«-i L_4 I jl 

ilil njijl _^iaj CjI jj_i->.1I j jJLloj Sjuj J-*J i(4jiLs iij tj_alll 4 <_i J f 

(Cxi! Lajjj LiLIjj i^*j>-'i/l f«j jjJLajjJI jjJJ j . '*-^. *i\ ( j J a 3^l",^ a jljjl. 

ulc ' . ■ 6jJI '"".■; **- r k ^ ej> -' j j * • "*" ij " * ''Z3 * L*jLLia! jLul t _yu jj|_La 

iijbtj-il (j\i C * " T J? tj-ij) i ^ 1 1 ^>j ■ u£lll 4_fljL5JL CjI ;jj**-" i ' M"i 3jJ 3 

^ i»lj Sjli; uil i njt-.j Sharp Emission Band ^jJLI jur. ,_, ^jU 

.Broad Excitation ^jJ.1 

5jS_. .U'tl CjVLtll *ub\ JLa-l CiUj mjJIj CjLJj j> "i < vIVI JLs" J ijj 

4j^_uaj '"■' fljua Lj-lq ' jj> <_?— ^ f-* 1 -"* cr^' " JJjLUI j'_ji.lj 4 usL>JI 

ti. i A jll .d . >> A ) I CjI 4>J->. Jj-« ' ,_; .'J <3 (Jj t^TjliSI L: cLSjL3 3jJ Sj 

ZLcLijuS (jj jljJ.1 «Jl* j»JJtJ uiJ I~rj7fc- i4jjjLUI (j^Jj^JI «_xjjljl killj^J 

jLilill oLiLi JiL« lt jljJVI ftLSJ^ ijjLjIII iijLa 4JsjJI 4JLc ciLiLUl 

. 4ijjj--N.il .~>t ■ . ..I -«.iij 

^ . ,.,jt-.i^ti u^t^ijyi • 

S^m Cil ;j" s - jLtjl jjjijjL3j» l<* LJ£ Ijl o"r I ^j ..jUI i»tl Sjjj _) -i"«" 

4^.1 ■•■" CjJuI Vjj '*'! 'j okJI i ( 1I"i I'ljii" LoJSj (jjjJal uti I I j' ia p j * . .~ H 

3^5 Cjjljjl I qK ijtla uiVI tiilj jjl^ ciljJJI j>»-jj <f>.jL>Jl I j — 1~ uil 
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5j__iJ| iajLis cjI ...jUI :;i I r-lljl ^ J ».jj ^^llt jlj_JU j >l .»« * &] 

jj3>l^x!tj ^a uJI CjlSj^tjaj 1 4-niejJaJ I <Lij^£JI olj-tjJU ^^JS 4_aJLJtj mil 

4£.Lli-3 ^ 4j ...jUI;;tl jlj^iJ SjjiUI .-il^. — tl Ji-jCi I <& .52X «<1I 

3j^»J ^ till j£j Magnetic Resonance Imaging (MRI) ... : Ul;:ll 
.^Li <l>.^j Medical Diagnostics w .Uil ^^v.v-.it 

JjJLaJI jljL£.l iflKj 4j^jLlII jlj II lLiLlxuw -l-~^ I j « .-* ( _ r ALjj j j! 

sLijLill LgJjJ^ ^yi J*i «~n (j^ill 4jj^£L)I I ^ in l^>- (_yl^- ijLsejVLj 4 J;j; — ^ 

3^^>.l 4X.I fin j_ ;r 3 jjVI 4-)^-iLiJI jljJ.1 ■* i ; »~ ■ -*j W JJ j jW-^' J J ' *~j"' (.y^ 
LaS . 4jj_L>JI 3j^».2l ■ *l"~ i_' 4jjj|^jSJj1 7cjlj_iiJlj 4_3-l3jJ1 ■*■! ■ ■■! ...-»-ll 
ijSLo L4-0 ■'"" * . ..I ^tlj 4j&l>JI t_djl &gjl CjuqSLq 4x.LLlo ,_J3 d'al'C 1 ajLitjj_uj 



-■I ^, -»ljl I 4jJL£, QjjJI 4_i_LiL>. 3^£>-l T'UJJ jjja d j** ' * "»ll ■*■!/■ I U^ll ,;,_ 

. jJLojJLJ 100 (jji (JSi ^1 jl^Jll '*■! /j;"*- j j * ' ^"' <jj>k il>^ Aititll CjLfcjjJU 
4jjJLUl jl^il jjjj Vl U 3U;I,I (j_« 4JI SjJuuil illaVl lLIIj <jjj Li] j rialjj 

Jj#>- L^jjjatfl ^^l J_IjIjJI 4j^ tVi 1 1 tijjj ^ylt ("'.J^-l flj c'lif j ijLa jJjjo -*-*JJ 

jl^I^ n-u-u^U 4jL^-Iajj 3jLdJI (jjQjiijjl cjljL>ijJ 1 c":'"' i*- 1 "^-i^*j (_)jiSLo 
jl^ll Laj'v'i-Nj (_, III 3Jj^"LI ,_yaljjJI ji I i£jj| jlSj i4jjjl>JI «l j^iJI 

. 1 ^"1 . ■ .^ f*-*^>* i ^ * ' ^"' ' 3 t_uil_L>a 4j%_luS «j>.^j i ' J "" ' ' *-^j" (3jI__*»uJ1 4jojL1jI 

3-uj.LiLa 4j^iLJI olin-sll dilj (^ Quantum Effect ^.^tl ^bJI ^Ly 

4jjJa-Ll Li3j i_Ll_I jj iJL^ajJIj i_>^>lj >>JI i-iil3 <j-« j>*i3 ,j ■■■ — jt j« i-^tl 

. 4j^jin^l£Lll ^>j^j (j\j\J£ 7r ->■ 1 r>" 1 Cj*L>. (_yjJI (4SJI K-iJKj« 
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ax : ...N<" ^li^Jl Uai. (.u^il i^jUiJ cjj_I jls aJ_>Vi i_]j J__j 

^ c L;r J ( J_l_l , 1^jU-l_J Lgu-al^ ^uiJ ^j (jr-ajJ ol^aiLa jjl 4^>-l^a ^ 






i <>.t>»tJi 



_ LSU^jj mil j& u ...jlnliuij ^^^SJi Jj^sjUI 3jL3 , Electrical iu^SJl 

._lj_JL 4^jj^<1I SjijLoJU |_^ 3jIj) ,ijjj_l —LSI^Ij j 



.Magnetic Coercivity a : ... : ui:;n J_U1I s^ill SjLj i Magnetic a : ... : i-i:m 



^ Toughness a_.ui .Hardness ij>L__li ^ ...-' 
Plasticity i_j_ii ^ ,„■>•, .i,>J_i _il, „,llj _lj__i 
. ii__i 5j< J al j ^i_JI jl^i I ^a Ductility v -»...n SuLLLIIj 

_}L— 3JJ a\-t — ill Cjijjl il 4 jrt*CII 2jJLoJI j i^aJJ *-^ £J 

.Quantum Efficiency of Semiconductor Crystals 



Mechanical __,LS_J.i 



Optical ijj,^;)l 



.Biocompatibility^^J^JI jal>Jlj fJMUl Cg '"•*■'■ i Biological i^^J^Jl 

^osL—Jlj SjjjVi J>^_s j>»^ ,jill Biological Barriers 

.Membranes '*• j-^l J_) ^L_j,l t )j_ _^->Ull 

.(Blood-brain Barrier jlL. ^j^-Jl >vL>Jl 



i 
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iuid^tflj r HuV! uLuij 



Oljjiaj 4-iiajj^ JLal ,jja 4jj_iijiJ 4 Laj>o ( jl 

4 !_;->• "una jl jinn OJu 4^^L«£. 4_l>. ^Jjj ?\"i *' 

t'.l^,' iS'a,2j ijly.ll i-iL-^jIjX'II JU, '« 

i^La. (jic - ^^^ (^Jl (jii. frk - 4J£ (JUJI ,jt 
Jj^j fjlz. Sjjl i ia^L»£. 4-v>.^$j£j 3jj j 

i^jLiJI JL».Vlj f^JI Jo*, jl^ — ij L.flj ... 

d" ' ) d M - '■ ■' I w) I JL1 ,_) I ' '■ " II 

(^ IjljI_^jO U>"^ 4uiiU 4jmi ( jjj ilitll jM-a- ,-..<- ! \ y,l:1l I .~ j'y^" - - 

■ - J3. L1I. f l -I. I I l| ^ 

<L*jji ^ Lc I j;j~j"'J 3jl LI 

uSa__u(fl KlawUl A/*\ ' . ^ c* \ja2 I d "^*»- 1 " »' d ji ill t jj^SjJ JlSLillj rJL*j 

oljjiiJI lilti jjs Sjj^L-uj 4jj^*J LuLp* jlj)j ,-.;!, l,^. I ^ \-:,\ ,\j M 
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jjic. 3^" U' -AJ ^-^ 'cjJL^I J^l^W lLmjjj V <U»^La iJLiL»K ^ 3jj Una 
j i ii-nII j-i->-i (j,J 3 ^ j" cr^' 4jJJajJI CjLjJt~H (JjS^jjS LLoLal Jlj La 4J1 

(j-^aJUj jl JJI t^stJI JaaJIj («i«JI J}U. l j_a VI I J-4> 4jj iAI ^bj 

oLjil SjOjj j — ■ Vi 1 1 j Lolit^a (jja 31,^11 JLx>-Vlj Li ulojI jLaJl J*-! (JjS 

3-atC.j i|Jjj-aa.VI .IjSpl jLoJj <3JjL3JI 4luJ! J£l miUj »uJj "^ i>JL<aJI 

ilijVl fojj (^Ij^oVl 4_^talSLa j^c. 4jjul2i!l 3j ; UII j j^LltJIj 4jjjV| 

4JS4JLI i^UjJLI 4jjLjJ I j ■ -"^jj "_J jjUI Lx^-jJjJSj 9Lj«JLaj ( _ 7 ^ 7t -r n (_ 7 ^>J 

1 ^j.^>j~j 7-LlJLi <UoL>JI L^IjL^jjj L^jIjjI 4_iaLo (_3j_«_i jjl ju V »L4 ( _ ;r lj 

jjJJ O-* J' ^_J J O"' L7^" il-^jljjl Li»-jjjj£j Ji la iSjuljJI LgjLa^ieja 

jl i_il^_ui J>j-X^s — I j^. jlj *C*.1I ^g( — jjlaj iL^JUoiajJ Lg-a I ■ t V" oil (j^-'l 

i^yjsLJt LULc. Jjjj i4jj^*J! Litjj CjJLc i^^^sUI (^J^SJI J>Li*j -(«-^- 

tiilj ij^j 'lO-^' ^ jcLu^Jt t^jljjill Luj-jJ^jSi r-L^jj <_, a L^Li^- dy 

3_il211l JjLjjJIj cjIjjVI a I jV~ u<l (jLSjl aj^ij ia^*Jtl <-;->Li£. i_<j <-uj 

p j~, .', It ^ij-j .U a^^~*iS ,d a\\ . ..tl i*itj-^.jtjlC".II <2jL>._^iejO ^-Ijjl IJ JS A '" '-^ j I ' 
I JUk JjijJ .<_J_ji>JI (Jj-i (jJJ I J^' j U»-«-j .-ilj'.^'.tl 1 < 1 1") jjjc ( _ ;r ^.jJj IS "1 1 1 
3j_P (Jjl f-VjLjl ^0 alt 4_)La (j^a i jk\ JUu £>«JLaJLI tusIj 7uxolj j U>-wll 

Paris Convention for the Protection of ^ ^i;.^n 3j<n,| 4_ il -s1 

r.'ij^j <u;yl>a (jj» .1 j a LLajj (^s*. .L*!^ I aj Industrial Property 

(jUI .Intellectual Property ((Aj^SLill 4.^111 4jL»j>. i>ul^i» ^1 '-■—* 
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Ij^uj h"jIj_aL»II «j_& J!Ls Ij^a^jl J~J (JjljVl 4_ijjJ! [j-"~j~*--t Ij tl oUll 
(jl Cj^j i4j^jiJl 4j lj>M i_£JJI ^^JjkjJI A^s-Lol 4jLa^J <LajLc<3 (j^jlj^ 

}<Lj^*JI lJULa-La ^yLc. !>£->■ 4-3j-*II CjJL£ 

ilr-in"! iLOJj (__, i iS tj njl^-a-l jl (jj~e ui SjLiI f^ojjLi I JlA j^^a^li L^f (*^ 

i " i -r i '<-> I j i*. J«**-H 1 3-j)"i rt fl LiLj^ ( j'i?l Cj a- j i n I ifl^jtU (jl <_, II 3jl iVI 

I j'«* jjAjuJI I jit L<i.j"s — o ■». 1 3* 1 1 dj-».jij'.<~il ,-ilj',^*,iij cjIjjVI i_i Lc.1 

jl t- j«-»«U t5J-S 43jjjlo — 4_~u3J_5 <LloL>- t"jLg.l Lin 7"LjJJ ( _ 7 ^ (j*a ■ --»■■»■ 1 1 

(jji III J^.JJ V 4JI (jjl JjiH <Ll<s^L>. .|_JjS-1_i jl -* Ij -"j; lg~^jjLa (2A-4J 
. (j £jjtl\j (jiiltll Lia-Lfl^ jL«j (_j-i>-J ULal jjii-x" jjjj d> > -' jl-^l 
/^& 3 ^ i ^.*, ... 1 1 4_l12~J| jJjLjjJIj i"jljjVI cLjjftLa ijj^aill I JL& (_ji (Jjl "'■■■■j 
iJjLlmq i Li_& ^ * ' " a cr'l *—*' V ^ ' L ^J-J ' *j '" aj LUSwttJ i4j! Jje . ajLiJI , J'l'^"' 

.Characterization Tools > n.^l JSL-jj .Production Tools -r^VI 

r-lljl (^ 3w-.lV" ml, I j'yJaJlj i-jljjVI jwa JuJulII Jj»-j (j^a (*^>H er^- 
4Cj^uJI <3.5j-»JI jjjs 43 j I <i"a CjL».jJuj UgjLtfl I npV <n 4-jjjLlII j'jJ.1 (J)jlV"'J 

i ijU niVI jj-« i^uj! i'im L^->lj^l ^s <ij jj L=JI ojuk J^ (jlia ■ -j ^ l<", 1 1 j 

LAJUljI (jjtuLSj^j J jjjjl — SjULI oLiJ-i3- j-ikjusu (l) (4-uiU (jLfljJU 4jjJsjJI 

.^LSJI ^J i^ill /^ jl Top-Down Approach Ji ^,Vl ,_,]! ^^Vl ,>- 

f L3JI jj^a jLajil ( _ >J i jjl Laj jjt mil — SjLil ol ijjst-j Cjlji - i^>j (2) 

I n mij .^yk-Vl ^^Jl Ji u,Vl (>a jl Bottom-Up Approach i*3jl (^.Jl 

»\ ui».VI - ypJUJI UJS ^ Lufc aJl*j lmX\ - ((<*SJI» --lU.^^. .iirtm 

ijjs 4j uLuiVI SjULI CjLjjSLa ^ II j-ajJ ((f-LSJI)) -t LL-yu3ua jjp* i3j ^J^JI 

(jl LlI -t i ?i" j ■ **ji ...~ll (j^J . 2^ojjLJjl 4JuL3 CjLlx^JI jl oLjj^->JIj Cjlj jjl 
4jJtjjlj"u*il - m i.*ij-v i(jri_ojSl.t."i.a (j^4L>ol ( _ jr 3 (jM-oju ^ < i"i I, I tj-ujl mil 

sL«>Vl jUjI jjiinl 5^ ^,L^ 4jjLUJI jl jll jj.^->," ^ JjVl l_ijJ ^Vl 

.-■lj .",<- jl CjLLs ejji LAJL*jl jjjijjLSjs fjjj (_t~JI '<Laje uaJI CjL—LiJjJI jl 
i_JJjuj V 4jajj«jJI 4^jL3 «-~lil ij i-v. fjl] L^j JjjuajJIj iCjIjJxajjllII /y» i_sWI 
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(_£ JJI t>A->JI L7 ^ I.I iti .jJLo^JLj 100 (jC J^j <"'lj '.^j'iI'i itjiaj I AjLajl 

J^oUaJI ^^ 4jjlill 4__3jjIaJI ^ 4jjjLUI jl^LI ^Luj ejjj ut 4j3 jj uo 

«j i L^jLjj^>. ji 3jUI CjIjJ jj^a ijLtjVI AjjjLi CiLu ut>JI »-a 4jl JlJI JlLa 

. 4_ilc J j ,^-^11 i , j 1 U 1 1 J<C ."ill (_ylc l^«j<i-*<3j L^jjj^j 

jua VI ii_i«jiaJI Js Li) J ' .'J^* ij-* .'J.' t* 4_i 4 ..nil O^jJI (_y^J i<LloL>JI 

.jIjJU oLiJa J£ jj^aj>o ^ .uv« j^.\j ujjJ ,^1 pLpI 4^ 1 jSL«j V ,_£ JJI 

<jj&Lq i^£- J J '^--"H cLdJ^-Laj ■ tjl.,.1 jl j".^i JLajjtjj . 4^jl_lJI iljl •vTrllj 

JLsci.1 4jjj*j .3jL_aJJ ^yjL^ill t- *■ ' M ^ia La^sIjj <_ij 1LJ.I (_>^lj >JI 

,_3^_^J1 (jLa 'aLc *» T J .'_} ' ^ 7T "' ' ^ i—ajlsjj (<uij ' »j (_£ jJI -^ ■ t->~ I I 

^^LLuoJI ^j* ■■■il (^lc 4jjjLl!1 jI^JLI r-^^ 1 ..1 i~~ ...ij Lc^jji ^ii£VI 

.Mechanical Milling (^SLiiKjJH ^tUH il^ - 

Chemical Vapor 4__uL*jSJI 5j icjVl i_^ ^j2 5 Sj^L - 

.Deposition (CVD) 

Atomic or Molecular oL5j)j>JI ji oljj II 1 n /id iSj^L - 

. Condensation 
. Electrodeposition ^^^Jl <^.m^iJI Si^L - 

.Sol-gel ^Ij^ill - fM-all iflj^la - 
jfcijJI (_yl£. 'iJtj lol\ oJ-4 (J^ y-j mi ) ,jj i_jIjSLII J^« J i«->n1l I JlA <_;,_ 3j 

c-l^j^/l ■ M-,^. * £yi 4jjJLUI jl^II ^ j I V"i ^ya Ljjjji^.Lsj L^j^js ilol uu ^ 

. I j . U . , ! £jjj in'iT« ^LxL>«jj I <iif»j |>j2j i_S^ui LuSj i,_^al^ijlj 

JiuiVl ^l (jAaVI j^* u^Luib ^JUll jt^Xt ^liij Imj 

^l ,,,->. vl -> l ~ -«- 1 j j » ■ ^>* ^ j '"'?•' d*"'. 1 4j^jljJI jIjJ.1 r*LlJj t_>jl 1 11I julj 
j I ■ " 1 1 j * ^ j II Sjlc (_j— !J Lg^aLyj.1 J-uaj jl^ (_j,jJI j**j*^ • •• "J "*J j . 
Cjl vj^aajLj SjL^ (-JI I a \1 * il . .. jjl * ^ t ^J j . *-. j 1 1^ ■■' %l »"■ ^j" i 4jLoJaj 
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.i«i .^-. u. ij i^j : AyxVi , ,ji ...S)i jo-^i: 100 3_)U^i v iuis 

CjLiJL>j (J)j"vl uua (j^s S^jjS CjI jftS ?T"LljJ (jr^- ^J-^ i^-I] 'j-Ii-i <-iJJ j« 

j j * ■ —' * j ■ 53 £j i i '->"j . I j'lVaj L^clj-il I ajjjca (jic Ajjjlill 'Ij tl 
'J)>1» Sjul (_,lf 3 J^JLLi! jIajVI u$\ Lj mjnl coi Jjjj-iJIj ol ni-^ll 

Milling ((_,<j'iKjll J^* <-JI) ^sViKjU ij^*-^' * 5 d>k " ' j*-j; i>° 

Laser- j>JJI 3-»-it Jj^Jo j»I aiej lAj .4jjjoJI iij^U .Mechanical 

^ ^ puttering SjjjjISLII 3 ij-i^JL olj JJI ■ =■ ■ n ■ 5 Sjjia .Ablation 

Thin 4JLi3j <i Ljia 4Jj£Ls ^j ^- » _■ «_« I ^ ■ '-> » ■ oljj II « ^-»-"." o jj>- — 



JJjlLo ^». ^ 5_t>.LijVI ijijLL»j«JI jjjla «.Ij >.l (<ijjj .SjUI jjjj Layer 

(j-«J . I i J*" i La-iL> jl (jj£.jVI jl ji^ji^JI jLc. J!La i4Jj« VjLj 4_LaL>JI 

d Li ■* i CjljLc. a!j*<-~ i ill ajj 4JLs .CjIOjjJlj^JIj iiJIi I JjjJJjJJ I Jit« 5jjl^ 

3JL>JI jljo J <* I £j 1 1 ( _ r l£. SjjlSJI LjJ (j 1 >-_gj U4JI jl lJ*TJLj"'-*'^ J^ J-^* 

j»Lfcj>-( j j t < ,V) 4jlor «.Ij_^k) cLul ^ uiiljj >4j)±ill jlj-all 4 AnaJI 

O J J^ I tlu >JI)i AnjjJaj ' &j «j La »l '^" ■ " i «^>-jjj **■! .'J."*~ 

t^Ci! Mechanically-Induced Reactive Milling ...U.v.H j->un 

(J.S a i cr*-^ > lyy^ j»L*JI (_j— 5] SjjXkJI CjI Ju^'ijill (jjj <jjjLj ''*' .'J.'~*~ 

4j4jlj '"*' ,'j;**- fl jjJ (j-* *j-* ij J' < "* c (3 i>^_? •-t'IjSLJI Iju* >_j !J^a 

(3) • 

<LfljjJI 2jlj^v 4j>.jJ JlIc TlN ~j j'.l'.r.tl CjIju^IiJ ^ 3 . .,•.!->', » 

(jj-Lc (Jj t-aaeJJ )lj <uJ (_,SLjjLSLjjLI — (j*» oJI — jj-»- t-.it ^jt ^^ J .'" *"j 
/-I i .^11 J^j~- ■ ul I 1 _ T i£. I )LiiuJJl ^^J-* 3 ^' ^ dh* (4_l_J_JI 4jajU ^^>.| ■ -i ^ 

( j J a 4<Vi^ diLi^S j j .:■»-■. ■ j^,^ «i2jLiiJI I j"j ' 5 ! LiUjj ■ ^j.u'tlj 

p-ljjl (JS jj^a ■* Cj '"■ a CjUz^a-aeJL d ...»l ^-"U 4jjjLl!l '"'^.'J.'"^^ 3-"^ ^ LMJi 

jj-a (Ji^-inll I J ik ijl_U {^3 j»_*^l sj^ ^ - a ' ( _ 7 -u3JL». JkiS I jj . J I j U 

' ^- 3 (_» ■! '"-'■^ "" ' ^ ^-SjjJa 4j\j ilS j.a ,j^i iia .nia jii^ju i_)LiSjl 

(j^j Solid-State Reaction 3 ±LuaJI 4JL>JI J^Lu L^J^Lk j^a <±jj =ej 
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^a cJJLo ia^till 4 SjLa Powders J^l i^ut oijSLJ J&\ j! <_nj.sLa 

jCjJlSj i loiajl «j^>Jt I Juk Jj i ■ ^"j . «j . ..j . jLxjVI Sj^jLi 4-0x3.1 '" .'J.'"*" 

a JJt <Lla ""'^J L*(j^- J ■^* — ■ (_^JI 4j^jLl11 jl^il (3^**' "^ 4XLol (_>A»-> 

JlSLiil Cj! J 4^ i nl «i~ia aI i ii -v I i_jll Lglj^jkijj IfltJ n>j floi <_ij£>j t4_oj^laJI 
4 ijjlnjll e^£- J J ' <"i > 1 1 jlj-U ( _ 7 jI^JI ^-J-iil Cj 1 ii i ^> I j-o «_a a^^Ljj jL»j1j 

■ 4 nil V 1,1 4j£.LLi-aJI (jisl^i.Vl ^ 

^SaJlSLjl! <>»lsll 2U123 • 

^Ijiiri i .lb Mechanical Milling ^ <nKjl,l £>*IaJI 3 Sjjia juu 

3^^ a« tA.-. ...11 ij uijjjJI i^Jail (^jl»-1 Ball Mills ol^LJI (j^l^L 

■ "■Ijl t~ (^ I L<ajl till j£j ■ a ^ I*. J» 1 1 j|j ^| jj-^l ■ ■■* r-lljl oLLtr. (_yia 

jj_^iJI (j-a ijj*' j "-II CjIjJ lm jjLfl i (jjoUl (jj-ill (_y» oljij* uiUll 

(J^-l (jj» LikjjjlajJ 4^j^iaJ| £Jl$j 1jjj£ LaL»Iibl LJLv ' J *■"■ ^LaJI 

( _ 7 I£. 4j^jLllt JijJ.1 ■*" ;j;"- (j^o 4 <» j " a Cjlai TT^JJ u^ J^. j" 4jl3j SjLjJ 

■ (ji^l \if\\\ i^$J)~l i "t, I 
3 1 - * ~_3 -ifjJLI oUiui> (_pS (Jt i nl (jSjilS jU (jT-lill i_)^lui! JLojjljj 
<_,!£. i^iajjLill ,_£jj .-ma (j Ij 4_iliJjJI 1 ^ .'■!.'**• ,jji JjLmj Jj lojJIj 

«_iJbj_j .High-Energy Ball Mill 3jjl2JI 4JL1 irjI^jj^l^L jJ.iieiiJ 

4\j i in jjj« cLcj-Luxa ((jjtlaJI tLc^J 3MjU ...I ( - J-a '<»Lt ^S i~i i 4J^>-LLi]l 

(J ■■•»«.' (^ WC (jl 1 11 T- ~l 1 1 JLJJ^ 3jLa A.lTr'l ulJ — 1 rllr">ll tiljLj u (jj6 

f j-iij j I ,_L2 j . I jiiT 111 jl^JLI SjLII Jj^cjI iijih-i-i {j3z Juj — lLjVL>JI 

(jjs JJlC L-dLuaj iSjULI ■'■' ij ■ "^- ( _ 7 l£- j^j" ~^ ^ I (jjdaJI «Lcj (3^ (***" Cr^ 

jjSjj ilji*»-U jljJLl SjLJLI 3j^L»^ LjJJ^Lio 3 nj^l 3>^ '^-*cy^! *— 'b ^-" 

f.l — 6) JS— _jJI tc-Jsjj^ ljuk . «LcjJI 3jL_a f-jj u^j (_yo 4 c^lj.aji 

. SjLii] «jjj>-LliII . U ...jtl.i 
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I£*JI$ gMjII tiib 




J *^ V* 1 ,t ■ Ll ■ -J g J-4JU wJ— aJ) ^4 hJ1j£ A£^4>w« 






I*. I Vim j ■ limit jj-4 iMj ft mi fiji 

, ^^ ^ I (|mj i i (W 



^MjU ,,.i ,~.l .j" ^. aj JSL.tli Tub^j jbuVl ^Mj w ta JqjnJ (ft— ***j :( 1 - 6) J^ -r TI 



(8) 



ijjjLUI Lgji i li*w 



t >Ufcjjji^VI dJa^J^j L*J ijiStj 1 n>"il ciJJjj idXaL>JI ililjUJI JL3.I Jj»-J 

(jT-Utl djUr «Ijj-I (jSUjJS i U-rk^ji-j TiC>2 ^^jJLluJI Ju i-u£f jf AI2O3 



.<Lu 



SjLji! Sj_u£Jl oLulitJI (j — to j j j uu£j djl«if (jji J-ytj La-a .d-3_t3jJt (^ 
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CjI jjj->> (jja <_i£.^j <a£.u j;^ ■ ■■* (jylc ,Jj .^-«-tl ^^ (jjtiaJI cLxLjX. 3f La£ 

: ' $'••' (jjs j£jj ijjjal^c Sjl£ jj-ul i4j^_ilj 

(9) 
i (d)l j iii^ 'J_J^J o- 56 *^' *ljlo«J ajLoJI I In I njl I — 

/ 10 ) L^*is jljLI SjUIj ^LLJI Ja^JI jjj a^j^JI 3 _,, ■■•.II - 

i (JT-Utl 4jUf dl>»-l LkJuC fUJ L ^\ 4x.j_uJI - 

. (12) SjUI (>*L 4jl.nl J;i-.,„n JSJI jj^JJI - 



1 1 ^ i n I j^>- j I j^lj''l i_3}Lji.L> jlj LI i $se mi 4j^j'iKjrt <_illsejj I j. 

(J j in'ill /ojj 4 *.^«MI 4 jS jal^jnill jljJLl >j ■ nlSl (jj^-l ml 4j_j->LiII ■*■! 'j 1 "-" a 

Ly l£. Jji^-i-^JI L^j /u L7 lJI 3 jSIjJKJ.1 aUj (j^. ■ rtl'Vi 3 j»^'iK.L<u I ft^^l^ 

(jjfi. ^iljj.lg<'tl - i ,,ij Ductile 4ljUU 4j)iflJI jl^—JJ 4j^UI CjI mj-sII 
. I j ...<■ J j » .'.". 1 1 i_3_jL>Ja ' " ■ ■»-" j 1 j ...*■ 4J^».UaJI »l JJejjjl jj-a <*^i>^ 

^ L>J iJ ^,111 jljll ^jjfc i«j IjJI Ji^-nilLi LiiLu Lj_^j L«£ iLLnaill jljJLI 

4ji S'.j .„ IjUjU^.' I -, - -j (2 - 6) J£ iljl jj"*jj . 4_i>.jLv ■*■! 'I j-^) |_J2 

L^i* u. «Lul (_^ JLiuaill jljll iIjUj lo> L^j j-«j ^jiJI a ;!-,:» 1 1 J s.\jX\ 

4j^j£ *ji. . •"**' (J^-mJI ^4 ■ ^ iv^ . 3 s._l2j! 4^JLc cj\ j£ 4Ja^-Ud A ^ ■ -^^ 

jljJLI SjIII tliL»j uo. Jj£ (jJtlo (_,i iajiej mJ.1 CliljiJI ^ jjju ■ J£ ill 

sljj*. (>a i^JLUl .cjLjjjsJI ^ 5_p^il Impact Forces *j_mJI ^^i «L>ol 
jLU.1 JSLUI i.'i* •« .U^\>^ .(„t. 7.-6 J<^.il) a-.j^lUtl J ,: .v. r tft? 

, t j ^ ■» , „j | ^* j"i n"i 4jIjli (Jj5 SjUI CjL»j ul> '~'l ij^ (jjMjlia ixlitus '4^Ij 

j* /» * il * i >« 1 1 2di\i it ' i A * 1 L» a 1 ,U ...*"m 1 < ^ i t h . i-^. 
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•yji$ (U2t aImU 




■* 






S* 



^L^lll nlJLLU <Uj>>jL3JI * u - vi jj^ 5-allt Oijj *J^J '* JbUj ^3 J u*U^*>Jl iLaut 



(8) 



4j^jU3I3jUI i 



Shear a ^AJI ^j^ cjI jL^V <4j^>.UaJI Ji-lj 3^ajLaill cjI^^SUI <>u i^ljJI 
<jjx>JI ifiJI jjji Sjj^.jJ.1 1 *..^tl jLLLa ^ 4jIjlJI jla jjJj j^l Forces 

(_yji 3j JuJJ ^>3jJ LcJ i|_£jj^L11 J^_i(j!l (Ji-lj — CjI m itII S jlj ,11 jjj >J| — 

i ' K li" j 5_pjl! (_£ji!l *-i$J 4jlTr"iniVI (J7 2 I iTiA .i*il .jj~.ll jlj". ,,,lj CjLl) 

12 (j£, |_pj jLLa^l CjI j «Lojju j&\ oLu> <ii! jj 4JjSL« . JjJu>JI eJJt J It 

.jj^tiaJI (_>^j ^-iljj f"^ •( t "— 1J} -^ — O J (JSjjJi [yj& CF-y* 9^ *-*^ tj^ojjjLJ lJlII 
(jjllj • UjI*- < ~*^^l Cjl.il43.Vlj Jojiijill j « JljJ-L Sjli.1 CjI h !•>■ ufojjuu 
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JS Mill) l^l^jjlj j[) J^eJ Likjlii3l jL*jl jjjujLo* ■ U i njjj-a jlLj O-p- i4^sjj»j 
i _^aiJI (_£}^ '" ' 3"^l Jj' 1 "' tr^'J^ 'U stlaJI (j^j ^-Jlj} J *J •(« »■'> ^ — O 

J'^->- d J.'J^ '"_2J .* Sj^jus (J — O) JS uJI t jJ3jJUj .(o J» ^ — OJ JS lIiJI 

4jjJU 5 .j .-^ t ,4^jj| ^Lc ^yjjj^SLiyi JJaUl i-jjSLujjj^LJ.1 0.1 iv.,,.l. L* ( _ T lc 
/ ' ai.^iy./i 4£.Lo, 200 5jUL (j-un L^.^ jl*j LdJjj ,TiC 




^j$jlSJ¥\ JlJsLUI .-jjT nijjiLtll 3t- ...Ij.,-.'ii.l3 Jjj^--jj •-* :(3 - 6)J< ititl 

i jt.^ti ilLaJI J^LaU ^ ^.i_> LSLlI, t ljjJI Jjjjls ^ kiiiJJ iljUSJI ' ' * ■ Mj«au ...ij. 

>ii iji-fc j^L-n j^j Mechanically-Induced Solid-State Reaction 

("l4) . ' "... c ... 

j - - ^ 

.J£ iill ^^ 3j ji!Li «JUI3 ,^1 jljll tilt . li* iLiaJLI jIjJLLj j <^L 
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(-U-ll i in'lj CiljJjill (jj» L&jj£._j i JuJl>JIj lAajj^ajJ^lj .^j ..!•»•'■ 1 1 Jia ,3jjlaJI 
JS mi'iIIj .ajjjLjjjJI lLLjLjjjjJ ii i.it JJ I cdjLxduij i JUJlsJI uiijLjji iJjjs iSj^iiJI 

(ja L$j3 jJj-ll Jn*yll L^lajLia ^c ^j-*j 4iJaJJ jljll CjLlxo- 4 Jju3 i_g JJI 

i>4J ij^J .4iiii"iii1l J^ail (_y3 JL>JI ,_yA La£ iLgjI m i-»- Jjuajjj jl £J3 (jl (jjj 

(jj» JjJjjX! cjI jL^>-5tJ I j i ^_-j *"■ (Jih** d^ jl_jJLt i-i-Uj '" .'j."** j _■».-->" ^La 

L-oJiJeJ iSj^Li. 4j^j')lSLiJl « Lajj Cjlj^LJI i>L>.l_jio JS-1.3 3 a )l ualll olj SLII 

dJajl^JI fji i_3>Lli.| (^1 IjJi^ Liilij 5,;, ^11 jl^ll J& 4_*_i^aJ.I LiiJj l j_C 
ij^jszjj 3LUtlj 2 A.^tl i^ujLlI (j^j ,_£jJJI i_jjjja]l i_3^Ll>.lj i4_jjLaaj£JI 
: Lr L La£ Jj-Ijjs Sjic. ^ylc 3LU1I jljll CjI int. jjiiii'i 
JaJiaiiJI tjjk (jjj 4ljUU jl^ll ■ -. I ._....-;■ (jiij^ju Ju£. ^j'Sfliia-jil - 
fjLjj jIjJLI tilt ^Lu u> jLfl .cjI^SLII iiryJ^Io Ji-b 3J iLUI >.ii^llj 

_>jij 4J£. (--»■'_■ I i a ifigSLa ■) LgjjLieJ (J^JJ 3nt->" ...Vlj ■»■ U 1 !i" I I ^3 

U^ \fai~-\.na <jl£ 1( J£ iiJI ^^ jljJLI ciiJj 4-iLl3 ,^1 l>laJj • LgjjL*j*L 

I J 1 -"*; f « Trill (^ I JLu (j^j'iL^.jII (j-tiaJl J-^-lj- 4 (]>* 5j^;U 4L».jJJ u j A 

Cj\ <i i - *. » n'v'il I I J-A ( _ 7 2 SjjSLa i i^£2J—£ (j .'J.'**' iJjS<j Sjjjuo (^t-I^ (j^it I * a 

L»£ iCjI^La^jLiJI ^ iJVVI oLLo (^Jl I Ajl U«l jLajl J'-" aLsbj«.^I 5^xj^ 
Sj^lS 4 i_i 1 1 4jj^-r a Sjjj^s f^ajju (_£ JJI (« l» 4 — J JS i'iII (_yi tcjJojjS jjk 

ajjjvlla 4ia-mljj IjSjilS^a Lgjjeia Juu Nb ajjjjjjJI 4^j_i h 3> se LJJ - a (!>" 

(«i_i» 4-6) J'vmiII l _y3jjjj IjiA . CjLcL* '*■■■■ SjJL ajjiill 4jJLc jj^ 

ajjjUjj CjJLjjSJI 4£Lu i-u CjI j-i l> jJjs Sjjvlj 4jjjj>- i_jD 4j1».I jjl tL—j-j^JI 

'_J-±3* jI (JS i"i 1 1 jj^a 7t_iJajj_j . <LCLui ■ Luaj 3jLa I j '■ -» U juu 1CO75TI25 



I J ■ '*- - ■ 3^ io'iIVIj £ a Trill 4jjiAJI CjLojjkJI I jj ' p ^J-!l itjjjl 
■ ^jtUII 4jlar sLjjI ,^a i-A^la xJu cLil.alg-».l ^1 ajlil J|J >"' tP'J- 1 ^ 
jMa itl JM-^ Ij^I->^I^%1^jj;nI1I,-.I ,j,^ jlUatj^ - . i.y3_.il*.tiai->.^tl- 

Jj^g j"' LQJLal {j3 4tQTr~ll,l i"il 1A±>, II JjS I jLp - | j*»t-*H 4jl^»l ^JjVI 4j'. njll 

4JjJ CjLaj ui fj^j l jJl j-fl uij La^a i^jcJoJI 4jlaf ,j£. 3jl!^jJII C)l jL^>.VI jjj» 

cjU^i: ^ykj .(« I» 5 - 6 J*v .I. II) 4jj^LJI 4<j .IiILi Plastic Deformations 

<LaLi^ Jul^JJi t j-»-Un4jla^JI SjiaJI JjLjf-^J.^jJJ,! jL^j-VI Jlj^j JaJJ VLajb 

4 n-ri'ri Cjufcj uij 4j£. ,-i J »-~ ^ jjl j_ail iSjLII CjL^xx>- ( _ 7 3 5_pJJ,l ^j^aiJ! i^J— 3 

4^ . .'..II liilj L-Sj A 1 <->j 3.i.a.f b » '_■ I ui ols^fjjlj .3jLJJ Sjjjl .11 3< , All ■ 
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.olcLj ■"■ ■■ Sal i(ji-».t-> jlu ijjijji NbjQZr|QAI iq iq ip' lC :; •• o^* * 



(16) 



<LcLu 12 Sat . 



t\^0-7c 1 l^c A ^ OL 



i3^>-i i-u^a L&J-2 o^^^cr^ 4jjjajjl 5^1111 ajbj * sj :4_»jljJI 4_L>^tl 

3jjj-3 ( _ > 13jju ^ Jdl (« I » 5 - 6) J^ i'iII (jr a (j^jjo ^j* L»£ i^LojjLJ 400 {y* J^i 

Lajf <Li£ Jul^li mJ JJI cJSjJI ^ I jj* . icl uu 200 Sjoa I^I-rU Juu a^jjllpjl 

lIjLljj^JI i-i"ri~} ^yi jSy ^yJJ mJJjj Lsj ^jLiil 4jj^1JI di^JI (Ji-I J CjIjLi^jVI 

(«i_)» 5-6 J*\ i^ill) Llil^La^JLJ 5 |^c 1 AjlUal jLtil (J^jjLLo 
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»*"J'S C^J" u^du 




(0 




5 nm 



(i):(6 5)Jsl^ji 



0^ 



Ti W) Al !5 Ni I0 Cu m Zr| W ]0 ajjjl^i ^^u^i ^uu^ ^a»i cjI^. 

1 .%jt tt^i jLtji ^j - 1 %\2la J_dj li _ T Ul ^ T1 uLll>J li _ r >.jL>JI j ^lal I p-uagj »jj . ■-» t u 

._^>)L) 500 ja Ajj^UiJi 



(17) 



J- U >* J 



jlj 5 l^ La.* J^Ijkjj V .<Uj^_4oJLJ jbui Ob ^ d ■«* 4-*£j3 
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3jl*j (J7 SLijlSLiil j-aJoJI <uLo£. ^c ;uLjJI r~iill '"";;;'*• ,3 J ■ •■" » "i oTi 

(JlSjil 4jjj^£ ct^-3 < *- =t ^ a "■' 4jojju (^ (J i o" i ej j <i~ o <x>.jJ^jjj9 jj^sl^i- 

f-LajjIj linjLrill I j" -j « *ij d~l ;;;•»- jUaSl jLul (_jjj jjLLo 2J3JJ i4j! jjj - *- 

* "' ' ' ' '"'^ -"^ i_Uj JS * " -v" j) . 4.4 t> i 4_>juLq ^^^ ' ■■*' ***"'-- I . ., <t ^ ijd 4_i-i_UJ 

.^jLj-hjSJIj ( _ 7 jLuJ1 ' j .'. j" ^j ■■ " t - "; jjyjL^ill 

J? - 

i*i-r"'il j^jJI 4jj^JIjj Lilt L^jJLsej 4jjjUI lZj! m i-».1I (Jos-Lji^ a, iV'i i n" j 

j* 

L^jjj-ujjj ij^jLlII Spraying cjLj-u>JI «c^aj_j uij» 4_il»c j_»jj <u^ujjjJIj 

ji <jjL>-f Layers ol aJo Sjjj-o ^ £jLy~illj <-fi$x ill pJa m, ^^c 

(j^jjltl ^ ■-■! -»"tl LiLti jJq uil 4jLsj i_3j gj Multilayer 3jj «ia 

^im-^I l_3Jl$j jl .Erosion JSuIl jl Corrosion f.w^ll Jj^la <_>£. JSliiJ 

j 

*a£.LUI cj! MjtJl dil3 L$J jl>J; 'ill i^^JjjSLUI oljUtJI ^1 ^ . I $] 

a ''"Jj'*J 4jLuilj) OLcl iVli ill 

ol jLiilj j i til ii>jL>JI ^U mVl Coating 5 jUi'i Jl ya J— »Jj 

Jj^lJIj i^^jVI (2^1-J {y> ^-JJ*>*JI *ljil ^L?"*""" -I oljl<if ,^,3 4 a >V" i lit I 

Ji i_u»jljV 4_o.jLiJ1j) 4-Ji.ljJI ^U .„Vl jrt Uj") J* i-dJ JSj . jL_ iJlj) 

l£j i *Uj~ jjiJI 4_iJL_lLlI1I CjVLjcJH j^jlj (4-^1 '(*Lc Js i'i I oljlillj Jjlj-uJI 

Jl 6 _ 

ijLJtLuij j^^p-LjJ.! LiLti (jl (^J ^auJsVLi IjlA .4jjjLUI '"■' ;j; — *l 3j"^^ '"" 

■* t > 

srulS 4_il?o OLlLaaj a * * **■"■ '"'' ^jj^ 'I Cju^SLs tt Vi i h\ 4 j l-^ O Cjmi or ^^fl 

4ali.l jJI ^U ,.,Vl ^U,-, ^ I jA_.Uj- ^^k. Sj^lc .Desalinations 5^>JU,I 
. Oil Refining .linitl ojj ^>j>Sj oljUf ^ ^ajLJ-'inU ol jL».y I ^ 

jj-^-l ■ "1 lis. o^jiilj 4£. j i" 1 1 diLal JLJtj uiVI aJLA JS jjja a^jJI (jyi^-J 

jjjliJI l£JLa (jla .(^SuK-lU ^tUH 4jUr ^c 4jJUI 4j^Ll1I ol mj-».1I 

oLu_uO. J .H*J L^jLfljilaJ ,_y^ ill U" i^j—d-VI 4^cl ii^itl O^Lstll ( j__ a 

xiUI Components oLi^SLo ^ Parts *|>*-l£ Ji-Ju 4iliiSJI SJLc 4 ilir. 
jl^JLl .<l^l ; ...i 2j.ijlr.tl J j< ,=;,-, II oLil.^ t ycu«jsi .Final Product ^L^JI 
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<4<iK~f1l dij»Li <t uuij i'i^ijJI (_^ij 4jjti^»j i.'i.ii,.-. <LJ t* i Gears ijjjj ill 

j» "i n" jjjjj^pj! di!j Iflia 4 » m<-<U jljJLIj >iijL uJI tlulS La I jl L-oj i^i-t. 

. 4jJLc Sj^Li^sj 

(ji^ Consolidation I d*j"? , "j oL^pJl *^aj 5 Aj^c <jU *j <>aj 

• 4_L4_A^n 5jUJLu 4J 1 _ i ii cj !_gj ifi^ 3jjj^-iJo iJ^4-> » 4 j 1 1 r> OU4J ui&. Sjjjus 

i-sj^j jj-J ..ion Hydraulic Presses ..3 X_,tjj ijjll ^LSUU 3_La m/I^j 

>4\ i nl <i"a 4 o IVi i n 4j uijiiti CiLuu> 4 m fr ur^- *<}'■!' "^J "-*- * d "?* "■* 

(j^jVl'i (jSjjjj . 4-L». I (jja i."i«'nn |_g jjl ^jC I LuaJI i3-/ J' 0^!>^' (*j5LS 

;^j& JoLdJ 3jLC i^JS CjL_lu-JIj J)- i •■* 1 % j i ■«- 1 j ^j u^S «=* j' f" 
4JLiLiS jl_OJ! 1 jja » *' ■ — " iMoluS t_JI_jS Ji-'-S '"'l.'J "*-^ 3j "** ' " * * '""'J.' — 

(>a _l»3 .Hard and Tough Materials J-*j«aJlj a^jLSAI 3_JLc. .SjM ual\ 

(jlf a iV'inil,! <_JLUI » i i r»_i_» 3j<^«ljj,„tl jl^J.1 ji jjulII l-J^o i MIL u 

(jjjj^p 4j;iifc (_,!£■ ij_5^ ij' o*^ "J^ '(jf^L-ull 4jlr ^jjj jl jl_^J i^ JJI Js i*i 1 1 
. ' 3.'. j" Jj'^tAJj LjjUjj ua O i-Li I 1 J a ^jS-I JlS. uil |_jl jl lIiLu'C a jl 

i-aJJil j»La (^jJI t_i Iljill «jla i^jL3-)f L». ij^aj (6 - 6) JS jjl Ljisj «jj 

JljJ,' (jja JJLaJ 4ja-iLijl (_~^a.l i nil » j«w>«-ij ij-"^ cr^ Lj^ai '•*•" ' n'j I J 1 J " ■ "*" _' 

ajjjL ^jji^jtllj «La ■ t V" i ii U ^j ojSJI 31 jsi Liajl JSL_iiJ! ^, a j j ^-"_* • 3 a I* ^. 1 1 

.Plunger «^..iu:n. 

(jjil Utll (Ji-JU idiL_j-uj»Ji i3^»-l uuj |j ii tS II i_JLS Jj**- ■"■ JjJe-4-i — 

i nl'iVi <(JLiy>- VI ^j xj La" Ala "'j^ liUjj <i_JL2JI uij^xi cr—^l ^J**^J '"' 

i Ljjl mj>. * J 1 ~*« ' J l^iujS jlj-I' (j^*-l "ill SjLa i—S^ti-Lj I ^~m j, °i 
(_>*>• (3 J .' ^~*~ J ' Jl i "*JLi "lSLjSj »"c«i"j i il ii^> ^jjL^j y~iio (_t^ J J '">ll — 

.cjljil .-■ij.'r.f ^j J^a" jLi) ^jujx. olj^o Pressing Load a ■■;<!! 

S^lttJ 4-ijJt!l L7-^- J " **-^l lii^JJ i4ill uJI fl lalajj I ,j-« tl^jjjl JLU — 

- . * . ' . 
Tj-xj tii! j -ttjj • Lj"l .'j.'*- p-*- 5 jlj-ll Sjlil i_^M^i-L i-^JJ^a ( nl'iVt 4 J-Laj 

. l^Lml n".aj I 1 1 1 n jj_jS[j i_g JJI (^LjjJI p-J-ill 
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frJUfL*»J»i£d 




_j* * >^~ ,.,t i .^..lUifij ^, - ■ ■ C 1 1 ^JLaJ jjjKjLiJl JSL^Jl Tc^ia^j Sji^bd :(6 - 6) ,J5L_uJI 



(18) 



iut$ju2\ Aju\s AjjjLUI Cil n j-ntl Jjj^Lluji Jj « Vij l)-"-^ djlor ^ 



l^jI Mj-^ll ^^ L^ji («i; (_pJlj .Cold Pressing JjLJI ^^ic ,< XII - 
■ -■l;j ; -il u ^ L&jia jalj ^Ij 'Hot Pressing ^LJ) ^\£. ..<\\ - 

. l j....< jljJLI 3jUI jL^aJl SUV. ^ %75 5 , , ,."i 

/in\ -« 

Plasma Activated Sintering Laj>LJ< j>l jljc^-uL . U ■*!■ i U 

l _ > -3l^iji (J^s^jjSJLi 4 jjjLill CjLjjjxJI (3i*-' """ J-JAJ lV> (*^_P' u ^ c $ 

. t ' ' ' 

4_iJLj 4 i « i ^ 1 1 JK .t.VI » j ; i ,y, t *--«.G jV L^L&p (j^lj 3Jji>"i1,I 4__i*._^l^aj_jJLI 

4 Am *\ ui3>l ^jjl Lgjjjjoj <bj-iLiJI Ljliji^ll t^ir " Jlif (j' -^ ' J J''*"'" 

1^*1 ^j lU'jdjjil 'ill jljil 1 j fl^lj" w "'^ ■"'!_■■ >-»■"" /j * 1^-iS Lj I -si Jlx-iiA£^-ul ula 



(20) 
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J\ l*il4jjjLlll iZjl Mj^ll jj-«-l ...» .'^i -v l*~ *« Jm" 2^ij« .^11 a. 1 Aa.. djf 1 'ny^ll 

^ jjuj fiV iri* ^l i^jJj I J-4j ijJljjjj Thermal Stability i£jl>>- ^Li aLc. 

!UJj I j . .. X 4jjL*__) JLt£. till jj i L_p jji'i" (_jjJI SjjjLiJI L^jL-ljjw jLul (jji^Lajs 

Jiej Grain Growth oL^>Jl j— 4J3 .iJUJI Sjlj^JI cuL>.jj ju^. I d" 1 -;^ 

La (jJJ jj^sljiJl « JLA Jjij 4JJ i'ii->. i^JLJI jljX 3 JU^ill (_^aljjJI ^^ic Jjj__Laj. 
j^aVI (jlis Ijjj .CjIjmtJI (^3 jjuiil ij 4J L^cjjiai. JjSSjllI Ljj j»~io") Cj Jlii 

liajjJI 3jl^ 3 >-jJ juc oLlujkJI ^ojj 0-"^ 3..Ur <«— jj V I iUii » I Jl_SLa 

V JjLII ^^ ^^ojSJI a^U^jl ..aljll^a^ jjLJI ^1<- ^ ..XII iSj^L aljieiuLi 

i. L rj-»- i(j iiXll <ul«il (^LjUi Tuill j^ ub^3l_jj i_jjlLaJ.I CjLa-Lolji.1 «_/S ' — I ""■ 

4iLu9iU 4jajfcUa •» la ■ a I 4_>-l u^a J^x LjJ L%j AjojLjI Cj\ u ■■*-'! J >■*-' ■ ■"* jjl 

^j -■ XT1 jJL*^. j( *j j X 4_4jl__L6 (^JLu ' j i L*all ,_£ 4j avl u A jj-u^Lojsj 1 fl *"■ * ,_JI 

" » 

Jl»j ^UjjJl 7U-1I '*' ■■■l«"j 3_s^L__5 ( _ t ^ ' /■«■'-» ^j i^jjj I J-*J ' 1 *(_,!'" 4JLlaJ,i 

. d"ftl"S A g ift ^ol **^ * ' ^ iiiiU ^ ^. 1" i\ ^ .. A 1 1 A .1 ^ f 

(j^'nri^l i'a jjrt — "ff in ^Ic Jj i<-i-kJI (___£ 4 J^_pl (_y3 |_£jLJejJI J jajJJ 

fLjjjl JojjL : LajfcJ . ^j ■■ X 1 1 tljlof jju ^jjl^jjl --- ~ ■ 1 1 1 ixj) I a Aj'alj~i . ^ . — j 

4_ili.ljJI 4-i^JI jJL«3^jfc crJtJI Joj iJlj >%99.5 (>» ^Xj (jj^ <*^K 

4j<i"i^- ^ uu 1 JL&a ^ * 1 oil 4-iJbLil^ 4jo-jL1J| L^jLlll*^ **JM-* (jy-*!^-^' 75 * ' ^ 

J I lCjLojL><JI jji JJtl (_gl ( _ ? -UI^Lj »_« (jS-LuJl {_yi^ ^J ■ Xtl 4i^i3 ■»! lJ»"....l 



.(>uus JL>- ^^ jjsJJl I JlA jllaa 4 «j^ 3jL>3 f JLC J^Vl (_,!£. 
ijljjVI 4 i^-iii-iria Jlj LI OLui> 3-**" '"" f 4 - 1 ^^ 4a^aLk jjjjl£^» (* J 1 ' "*"'.' 

fl9) 
JUj (jl-fcJI j»L*l«VI Ijlaj . ; 4J4JL1I jljil U>Lij ^j lL jjljj»JI u^LUIj 

L»-jJjjSj_J A_jit JLfcjJ j^ j>i>.LJIj frlaUll ^U^^j^a aL»1&VI J^« -*J>il o"^' 

jlamll IJlA ^ 4_jiaJI oL»L»laVI tiit i^jLS JL3j .aJUJI *1 a-jL ^jLUI 

ojZuS JMi-J 4jJLc 3jIj^- CjL».jJ Jut CjL_jo^>JI ,3^-1 ""» T^-^J l*"^ Lr'l 

jLjIJ 4jiij^_*3 JIM-^- (j-* LkJ^-tj; I Jj^_jj -^ j * 1 1 J^j-u 1 A ' * 1 /oJxJ 1 ^*j J 1 a a rf j * "j 

SjLjjJIj jxiJI (_ < i ■>» t (jJJ (_j.il Li-a i jjLJI (j_>^j *' 3^- Cy j^- 1 ui *3 3^-J^* 

' (21.20) 

5 .UjA"..„t I 4j"cbjJ| .-.I 'jj-^ll .'II" /-.IK 1 ^< ; cjLjjj^JI (jjijjLia ^ 
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(23 22) 

<iiljtJ5 ( _ >J (ji^jJI jj^o 4x.j^aJL <uil^c.^j^ 'jjj- 3 f « t» 7 — 6) J^ iii II Cp-03 
1 _ y Li.l jjl t_ijS_pJI ^j^-^^ij -jj'i~j"ii '^.'j .'j.*'*' (3^ > -'- ui ^L>^''- ui ^' t>«L>J' 

SJsLjSLij jLijVI 4jjjL) (j-uj.ll ii<i ) ii "i «Tt Lgji *■ ir»"il J^ 'u"JJ "^ *J^* Cjl m i^l 

L_lL1 4j^JE_a SjJO^S ijisjJLJ (_£JJI ('"-J" 7 — 0) (JS l"l!Ll 7C-U3JJ9 Jjfc Lo i4JLc 

. (14) (^jlh^JVI oaUJI v^j^JLI U^l_jj ^jif .^IjJI iijxJI 



(^) 



0) 




10 nm 



1 cm 



i ^j B >.Lu*-4 g-«-ij ij^i^ i3iA* ^j^i-'f^ut ^yUl .OWljLJLJoSUl j^^fjj*-"^^ j 'vinll 

i_Lj ull^ iijjJLUI L^Li^j i j- '^*< -^ ' * -r" juu ujl_»_i_x^Jt t-t>ULI_>.l tu^s^j .AjOJJ.1 ^j^LJI 
.L^ajl (o) Sj^aaJI j^jjj .jJ-«^JLj 35 j-^o ^L.1 ,i>JI ulUjjUaSi jLajt j- ■ *l** - L- - -j" ^ 



(14) 



j^yilj iuc jil I iaLiSJI 4nj^ ^ IcLjjjl ^jlu Uji i^iaSpJI 



102 



3~ .'.!."*" J ^ jj-iLOI Jlj— I! c3J*" '"" ?^I A 1". ^ "*^L> 0' ' *.' 

J j i <-»■»■ 1 1 pjjsjJIj (jnj'Cti oljloc Ifl iii<" (j jJI ^j^jji^.jll (jjyl-iil 4jiri"n 

Bulk ijjjlj ■*■! 'j"*- {j a i_iJJjs ( _ ? li.l J i—jj&jUt * ~ i~ ^ j l~X j!j_a ( _ 7 __l^. 

i£>».? 2ui23 u u j .-, . „;t J :;-, •,-. jjl ^ -a? ,Nanostructured Materials 

4jjjLU! jIjJLI r~L_!JjLi (_^oL>Jl '_*jl ...VI ^j ■■*■ Ci^xj %Ju Lg-iSi ■ ** A l~. A» /» 

icLJoJ! iJajjJois feu-ul 3jirt*ll «JlA ^^lc jIUjj . Ji uVI ^yj! (_ylc.il ,j^s 

2UKJI Jj^sfj . Nanolithography (^,' al J > ; 'j"'.: nl );: u •■■ Vl (jic 4j^jLUI 

* ■ -.jj '-.~'» __$! «4j^jbj>JI icLLaJI » ^jjk I j"i-^j"j i Lithography j a 

Jlo ioLiLiU (Jljjij Stones jl -r-wVl ic Images *L iVl jj us 

.4J^UI jl^il j»ljJei luL L&b»ii> ,»LiiII (<u Papyrus t£j>JI ^Lj Jljj' 

jja uH\ Lyk. 5<-l ; Utl ^J J^j 4jjJtj>JI icLJaJI -.lU,^,. ^| ^^ _J 

,3<-j"tl 5<-l ,U1I ,-.lj',". a I I ~~ , ..1 , <3L>J*' ftWtatS frLl ii>U <L_L».jL>Jl 

_jl «^JJLi ^JJ^JI o aj • Inkjet Technique ti^UJI >^>JI 5 _.:". Jla 

SjJj^pSLlVI oL uybJI 3>4^l Chip Structure <3j12jJ aJSL^JI a mil 

4.«.miVLi fj^aujJI 5^l ; un ^t Optical Lithography Ll^iM! 4__ > 3t>JI 

.X-ray Lithography 4/M...H 

» U...f ^^1^ <cLJqJIj <Li3jjJI icLLaJI ^ iAliaiJ Jj^jJaJt ;__►£, Ljujljj 

liil i A <<L4^>3j 4jjJl>. Cjlar'ia £y» I4J La (JS-JJ LAj_iCJ 4 uja^Vlj i—ilj^^/l 

7iia i-u ( _ 7 ic '.' ■■■j" j^ La SjLa CjIj j jl CjLjj^>. Jil! Lftjlilj! j<u ^J-^ 3 

OLjJ^jJt lIUj ^j ^ ' ■^*~" j) • ajLill ' >• J J ' CjLildJ 4 la ■ "'j J lLU ja t^j->.i 5jLa 
3/» 1 ,UH ^'ij^'.CtVI cL» uJI Ajujio (JfLa 4jtj3 ijj-i-l CjLtlfljj JjjJo Sjlc 

4jm"i ^1 1 m A a^j Electron Beam Nanolithography 4__j^UI 

Dip Pen Nanolithography ^j aill («iiJ! 5U ml^j 4j^iLUI Sx-LWI 
(jJJ L^aj^I jl I - , jlj jLod I JJ iSrtK'i L^Tifj Ijl ilil j^JoJI j : ujt Lr a> 

. JyJLii jLacjl f_y^ o^3 ' Lj^lj^^J Wl^ 3 0"'j (*d>^' L^jLaJ' 
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j-j-t-H |«i2}l itaiul^J iUjjLJt icLitaJl ^ j * ^" • 

aLj ,3_. i_.ly.tl itLLaJI ^ 3 A^jus «Liij Dip Pen ^j^ill «loJI 4__iiSj 

J-Ln JJ-dJ I a 1 1 a LaLoJ itt U m (_Jl j_,ic 4 m ii i Jljj JS, i (_£l ^y* L^J^Li. jjja 

Ls ijjSL] -3'jJ'' r ^"" Lr^ J-^*^' L>° '^J^^ [" "J * J ■ — N (»5^t Lialjiiej ui\ 

^,.j«;tlpUll iS^j'.I ;t!5/-l ,Utl .5j',v,1I|.'i a.-.j., .„ IjUjJj^l I Jla^jJs jjjlsJI 
(jc ._jjUI Lo._»J»£j jl 3_a j^_jjl>JI ?Dip Pen Nanolithography (DPN) 

4jjjJI ajill i— i^SLuj^'v j a (j-Aj '4 i <j U 4jmj^JI Lgjljjl i^-A^-j tg-ol iV'nnl (Jjj^ 

jL>JI .-SjJaJU ■ * l=»y. (jt ,-.<■. I U-. ...I .Atomic Force Microscope (AFM) 
- Cantilever ^^jKJI ^1 e^ jIUj - £Jj JJ Jn mil iJjiaJI ^ j>>.>U 
oljluf JLmi 'tjiinl .Tip Probe (j—*JU 2^jI a^L l^jjj ^JJI iej$SLu<L>£ji.l 
,^1 jiiiJLij . L« 3jU (^-j-jLiJI »U ...» Lr k. isjJI 4_ia1J1» 4j^LlJI 2,-LUtl 

JtxiajJ l (jjOtil «_>jV 4j__>^3EjS 3jJX<3 ^^SjJLJ (_£ jjl i (« l» O - 6) JSLuJI 

a Jl&j . jic^jlj 60 L^j-iLaj ^ya |^Jl«jj V 3>jVI * juk ^y\j jl *jl q mjjI ii a (jl l-ll 

CjLjjjjwj CjIj j »-/0 JjaLniJI ,__,]£. SjJlSJI (j.u,-rll 5>jV xjjj 4 ii j\jjl SjjjLUI jLuVI 

4jajLi!l JlSLiVI Jl3cI Jj^ i m'j 'tj<~ ^a LaLI LaJLxluua iL$j ■ .<-^*tlj SjlII 

.(Jj^-I SjLo (_gl ■» t~ ■ ■■ j^it. 1 fljj'-j'; lilljj i4j*ju^j 4^J La^j£|j 

( _ 7 ill i4^jj_LJI » i j ■ ^mll 4__jSLuLSLjj3 ('"-r 1 " " ~~ ^) l3^ "*^ tlf ,'JJ 

« j i *»■ 1 1 4 Luolaj-seS)) (j"7"U ^jJi (_y>.jL>JI •- '-» ■ ■■ ' I jlitjl J^li. (jjo <<ijj 

.(Jjj>.1 3jLa j«_La u ^^A^ L^u iji_p jljJLI 3jlil CjLjj)-^ j! CjIjJ ( j £_>ifciJ 

jjja *-dJLJj ■''•j-- iCjIjljLL&JI (_^ «^^>JI 3jL_a» ■» I j i ' CjUj^^" tf Jj* aj^jj 

plj j aUol (jjiSLc ^ |jj^.Vl jij 3jj>.Ij 5^j^U ^^jLkJI jJq cJLj L$i£Lsi 

. .sljll («-i-u>!l oL>jl ^ 4Si j ^>u jli£, (^^jKJI) i_jjSLu(Jl>SLJ.I 

Ijl ilajl La^j^Ij JjjiaJI 3-5' tJ-* 4joJLlll 4£.LJaJI 4jiii" (jLa >>Lc 4^>.^jj 

JKmiVI «Jiil j jj.->H ixa,Liia iiifljJI 4-jJj^j£LMI «jijLjjSUI « j '■ ■ --' ^ 3*La^j 

i>u$j uJ.1 (_ylc illJij i4jijJlSLxl,l j ijjlj^iJI joJaill fl^Ji -Lox.1 * j ' ■ -*"■ (j S 

^^u^iLUIj Microelectro Mechanical Systems (MEMS) ^ -,a^jLA.\ 
.Nanoelectro Mechanical Systems (NEMS) 
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fdt| cm,<ii wl^j 




(«) 



3jj¥ ur^jlj-Jl W.la i ii ! 










(8) 



tlftJJ HiU m j oin "illj 



_^ji. Jllj (^jjljjl . ijl . ..VI jL*jL> ^yajjij ■ ■■■! tj^>JI ljufc (_ya JjiJ-Ll 

(jjl J-i uiVI» *s l^iLi ^aj^jiil . t-inlll jj»j .^jjJLlJI jl^II ^1 Ijl ^ 

_jl jlgjjl Design pji ■ ■»" ^^ . U ., ; 1 1 Ijl* 3a ...la _l*i*jj .((^^Vl 
Tailoring (i^Lp.) Jn^nli ^Lill ^ .L^-Llij jljJ.1 ij^JLUI Sj *il 
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iujIjJ^>JI jl djlj j II (j^a ^jjSLII (j—Li. I jj I IflKjfr »j luJ CjLJjSLa 

~JI 

i Ltjj^>- — Ljj^>.j i5j j — 3j i ii^jLj^JLl i?_i-4 J jS i~i*ij <_»jjjj jcjj '*••_;■»■■ 

.iljj.1 Ay ;ll Lo£j i JlSLiVlj jl*J^?l 5j.Lrc.fl 4j^jlj J^LiA ^^fl I ^ . ■ V. j, j 

. I jjlf (Jji>-i-stl 
j»~i~" 4j^JLJ J^Ljfc w l«* J j ■ ^» ■»■ 1 1 j^JI (Jr >.lljVI ■ t~ i -II I '■ * i_3Jl$jj 
i M^pJI L$J (_yjJI (_^>-VI 4jjLii31II jljJLl (^ Oj^\^la j^k. t'll o mj (j^sl^iej 
CjIjJlSj 3J-liCi.< Sjjjta- (-ajllij 4^LUal (_yi*J (_£ jJI jjsVI -^ ■ ■■■»'■ ^Lxa-fSLlI 

« j ■ ■ — "■ (^ 4j uiLuil ■"■1'ijCaj j .-.I ;«C L^J^i.j juc J£\ j^JI a.'t^l 3 IjLa 

.^oJlJell 4j^JLII e>$^Vl 

4jjJLlII 3)-$»-VIj jIj LI r-LlJl 't-»i> jlia n_aji4ll I j a jLt=! ^j 

j ---I '^ 4j^Ij >al>J ' ■ I ^\' ((^yLl^/l ^jJI (_La iji^/I)) 1— i^J ul J^Li- tj-o 

MBBs) ((AjIj^jJI 4_iiJI oLlJ» I fljl-- jiul ^ -.11^ .SjU.1 tijLu}^ - 
,_yLi 5j_lSJI ialsell .jLLj^JI 004] ^3^ .Molecular Building Blocks 

p 1 "■>! I t-'^j 1 ill Lia^ 4j^jLl!I (Jmj^JIj L^JSLal J" -»" l I j .'.'"j" («jj 

. l^jlVt jljj.1 4jjiUJI JSL^JI cLu ^ <Luj)^JI cjLuUI 
5^3-VI ■;'" — " (^ iiiieJ.1 <b_jJLiII J^Li^JI i ' ll~i cJiJojj ^£. SjJlSJI — 

Sjl£. (jJI I AjLt-ll ( jjiJjL5va J ■->"■ Jkfl (_yjJlj '(»! X3>VI ^ J J • ' ^> ^ LlJajJI 

i-ilj-. .jllp (_h2jlj jl Cj|_pj»jj\ja 

>-wxi ^^ (*jLSJI (jt j>-LijVI .U^ill Ij fcjl (jjl Lia^j il jl jjlj 

(j^SULI 1 jL*jVI l^S^J^i (j^JJ^JI » I i i 1 1 dll *mK Lg^ali V-V'r hi I J lg ij< I CjL1)Jl>. 
(jr Jj^>JI » j a tt"i 1 1 ^ j '■ "' i«__uiLi ^jju i4j^jLl!l ^j J*^*^^J jlj II lP^M-1 

: L«j». (in£.>i (^1 ^'^'i ojla p-' "j . Molecular Assembly 
I i>>jl L^tLc jiUj ^Ij .Positional Assembly ^,1.^.^1,1 « j-i^"" - 

.Robotic Assembly ^^jjjjJI jl (jJ^I j-ja^JI ^,i--^ 
.Self-assembly ^IJJI ,«ja-»-'ll - 
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Oe*y>li§ f lull tailptt 

LajI i-4>t3) Positional Assembly ,_, « Js_all ^ jot-'iII 5 j ::; "'j: ■'■■' 



(.jJLuVl all: (jJ! (Robotic Assembly ^.jjjojJI ji ^'jfl ^j«it*i1I ^ ^L 

f LLl!I <LcLjlo 3jl C.J ^yfl (j^aj-aJejJ.1 ^yJSj^JI J I - '-*•"■ .-ilt ■-■Ij'.S'.tl uSJ 13 

lilt jjjiaj^VI iJjskjj .<J\ Jaj-ajJI jljj.1 u Kjfltl lSjJlII pjflin'U £J>a-iJ 
. 4jLiU Sjjt inj <Lflj3 i CjVTj flj^p»l *L«j |jr 3 I j" a 'J L^jjJlS /<-fljJ ^j.*"H 
Sj_p.VI 4j^IjJI \jS«II i jjUI I j »»j 1 j iSu *»« I j"l->-j 4jj_iii_iJI CjI JLi (ji JLla 
i_i£.MjJ| *>^ "lt^- ' * ■ ' 1 j * J (jli>.LJIj »i aUII (JLti- t_iCl J i^ill ijj-^ L>* 
(J£jS!jJ JIS. J,l « TTJLcj 4 Mill u^£- L^jjjjjj 3jlil CjI jjJjwj CjIjJU ^ 'j *H 

\<>4a iL^lJjl jl>ll 5} »>.Vl J^Ij^J Internal Structure 4 jIVljJI Smll 

■Lis i^ j it'll jL>. jlj ■ Cjj « i f-> jl Lfcjljui ujijjLflja i^jjjSj L^aLtcjvI O ill 

,_yjj3->JI % j i i r»"i 1 1 3j£j3 Ale q^scjqJ (^ J II j^y^-jJI 4jj_ua-i 3j£LiII ,> J-A Cj i\£ 

^lJi <_>— lj j^^LLa ~-j--j' ^ J.^tl -i^'i? .Molecular Manufacturing 
^LuSLjjj tiJ^jl jjg ,1,11 (JLlII ^J 1(j jj3jJI ^jm^i'iII jx (j^JLiJI l_ij)1 ,„Vl 

. (26) 1981 r U]| ^ dUij .Eric Drexler 

(ji ,jjUJI Li3.^J j i^", 1 3j£LjII iLsw^JLI iiU3 (^ «Lu*jSLII -I «l<* ^jj ^ ^n , 1 «l u, 

(JJJIJJJ («-Aj 4-mi li(j1l gl fll<* ( JJ> (8 (j"l a j-^-£- jVjij ^t-i-llj^La]! («^«.L5 uii Ij^J 

I'ijj ,'s*-*~ _lIc LiJ ljl-^j I U-w.M a |juk /jlS . Sjij^s 4-i2-Laj> 3jjj j aj fdJLjJI 

5p4 ^ LiLl jj ,4jl-»,U (j^>-J L^l« 4JjjJ1 ,4jal«1l Cjlj_*jji,l JL»£.i ljLuL>J 

(jiajuJl Jl>-I tlru*. (Jjsjjj j-«V1 I _la J--.V, ...ij . ^jjisLl! (j_^5JI (jjc oLjjjL^oJI 

j ; ■ ■■ 1 ' fi j-..<iV (JijjjjU . a^iK'tl iJLiJI Ajitll L&JljjLu c_i^Lj,I ^4 i^j->-I 3jl3 
r-LjjV anl'VI.1 jl_jI1 Cjljj «^ JjaUlJI ^ .aJlSJI jdx ajIjJI ^JJuVI Jxiaillj 

.ic^HI auSl^^ll CiL^ilj cjL*iUI ,>. ljs^I Jj cjliii clSjj 
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L yl[2jl\ (JjO 4l».j-U llllj iZjIlS jjjij i(jVI (jJLLaJI (j^JjlII ■ t-l nijjl jjL>>J J^J 
« |j7 aLl)I j '*''j*^" JL3> (_jjl (jLi>. VI (j-a JJjS (_yi J- L ^J i^j-ll ' JLxJl (_, flUtl 

A J - ^- l j^ d ... ''jllj sL^iJI f I i^ (j^JJ '^-4^ o- 4 *Ij^VIj cljajS II »l <ilr ij\j 

^jjjloja (jjl l^jioj ij_iUJI lo».jJjjSj CiL>cjjJL J jl_)jil JAill f-aj 'iSj— *■' 

(J_y». Lr*"'J."T~ (1*4 (j""l-A*J' '-^* i (jr u9U > l (jj-"JI 4jL^J -J^» 4jitiJI i'iI *m,U~iI 
eLliJI j i ■ 1 1 J^LljJI ^^3 frl_L>. Vlj sLlajSJI tLilc Ijuj i«_L4 '"_■ ■"''" ii;'^<" 

j J ft-*" ^yjj «JLlJI J^5j l^ JJI JJ»V1 4 4 im I igllj *LljjAJI »l <llf (JjO ,- jM^.'.l u 

Ij-A (jl i_aj^IaJI (Jjoj . jpLiJI I J^J^J'^"' ("jLLjaIoj (Jt-~e-a ^y* pj i ill CjljLaol 
ial u,jVl (jJJ i^JLill (<JLc ^ SjLj^JI JjJ ,jji jju-a J^ «jt£j jJLlj Jj >JI 

^ (((j^JLUI ^fti^ll i^.tjIId iA> r.l^j ^Ij '(j^UI foJLaJI JjIjlLj 5__iaLlII 

L;r oUI LUlc jljii (^ ^"r-v iJjL>JI I JlA (jl Jjj ."ua^UI "jji-VI CjIjJ uJI 

(jjjj'i^ll jl .1 iV"r I iji/iT Mill ^j* i ii 1, 1 Ly icj . LlsjjJU jl uistiVI ^ Ijlj .Ail 

I*"-*' jjLiJI Lx>-jJ^AJj |«lc jU jj^LaJJLI jjj) ulj 'i_$\^jl I J-A (_yJ3 ^jSjLuij 
i<Lal"Jell LUL^uaitli . LU k-iLJI _^jLiJI I J^j'j'^"' '*•*■•"'* -La£ ij«i«t-I1 liLa 

jl jjjJI \lx&'j*is\ . jjjj J** l|ji(>» l^M-LaJl • cr *i»JI lixitJI (j—aA^lj ilJ 

j-lC j->- lj ra^-a ^j — ' •* **•" -J^JJ Vj ' ''J* ' I iniflVi lia JSLI (jlj i^jSj aIsIju 
(jtLaLiS Lulc ^)SjJ .4.J.H itiVI ( j^a ^ ■ ■■*■ jJLoJI L^J CjLua^aiuJI »-LaJe^ i<«^a 
LLal^io.1 jJ^ ijjj^i. VI ■*'* ■-~'^-~" jJLajj aj'i-*- ) (j I t _ J o la Tl ('•itt ill JLatjO (_y^ 
£j£, I '. ...Ail i Lj^j jjlj <Gl jj >«1*JI - ■■~- ' (jl nil! Jl L^j'j • ' ~ '^'^-»"l u^jJLdjj 

i_a>L>JI L-ij-ij (jJI oji (_,lll i_jL uiVI («£>5LII CSj^^ £-"»jf u' ^ Ajb 

tlj-»>Vlj sLlajSLIIj sIj^jaII (jj« 4jjjiLuiVI ft^lt-II fj&\ (jT-ll ij'jl"'^ »l nUII iju 

Ll>._^Jj i\" 3j^j Lgjl (p7 l^. ' * ' ^*j" (jl (_5^ loljirvlj jjUJI L->.^Jjj£j ^jjLy. (J^a- 

Jj^ mi* I L^jIjj^jj-j SjULI Cjljj iiw "dLuuo jU 4jljuJI ^J& (3^JJ LiLt! .AjjJi-v 

a_j2u isjjjjj 4JL uj (jjk i«jL«j1 v"ijL5-« 3 1 4_a--e-->- (^t j-lajjl (_>A*j iLo ^"ia 

iJjVl jl^II (jV i 'I Ijj .(<uJ^JIj L^Lj ti^JL>JI i^ jIm-i'iII jjJa JS I A^^k. 

jjjo 4x.^.a--ra ij— ^° <LiIJja ,jjjI uiVI (^ ^^ iTr'ia (_$l « j * ■ •»"■ ^ 3 4 1-v.ljJI 

ijL^ill ^& U «*■ 1 j^.i «ja 'J'^*_' 0__l^Ld~J i'iioi iCjljjj^hJI jl CjIjJi II 
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U^}all| (Mil HiL^ri 

^la. ,4jjul3l!l JjjlaJI « Jl* J£ jj JL_u . 4j1c Jj.- — tl i_)^iHI JjLU J< j* 
^j" i ii a jjlc 4-U^pSLWI 5j^3- 2! JjLSj <cLuo (^ 4a, I Vnnllj L4JJ1 4'ijJ-k.II 

4X0KJ! I j"'ij* j_psji ,_y3 L*jj>t£. jc rjLus JS uij j, j «" ■ L _,'~\ ;,^\\ j-tu^l 

«.Ui»JI CjU-j-JoJ La^j - y 'ill JSLiA JS-b i£jJJI J i-uJI jl i_tJJpJI <_ylc. 

iSoJjtji j^ljjo Jlso jV CjljjJI lilt Jj^Lj t^lc I gJjJLS f-ltj - j\i>-LiJ!j 

.3jU1] i^jJJI J^J^JI J*'- 1 ^ ixjajiaj 5jj>« 
j^a 4nl"i-V II jljll CjLjj)j>. jl CjIjJ i njhjj ^^ji ^jj uJI jiijljflj^ll jl£j 

jl t^ljj jj-s SLiJj^ 4 mj>=»- J^LiA jl 4jj j J^L_oA Synthesis jjlVi J-^-i 

jx. l 4_yJLUI JSL4II 1 'II" jj*"-"; 4-uljoj'sll JjjiaJI j»j2j ■ jljll <illj CjI jj)->- 

juloLIc CjISj)j». ji iljlj j (^ 4jj1>J.I 4-oliiell JJUJ.I Mixing iali. Jjpo 

I JL* ?sjjjj . y "1 i «i 1 1 SjjjLi)! J^Lj^JI vLi-i Cjljo-j£ L^aljiej uil jljj CjLSj-a jl 

i_3$]aJj 1 £J>1I Ji-b JjjelJI ^ Cjll^aJI j! Cllj jjl .'lilt i^ojjiJI Jo_L>JI 

Jg-lii""'"! Lgj '.'U.Vi jl w me <L jj3.yi 3jUI CjLjj)^. j£ 4io-L 4-lS 4-«jLa 

4j 5jjJl>- 3jLa (_jSj-« CiLjjj-a- lilli ^yjs 4jjXfi L4-1 j.^'IVa I j« >l ■ qj jl I fl*« 

jt 4j*jLjJI cLiljjJ_»JI (jl I _ r 3 1 jlsil 4__uiJlL& sLaicj j^jjL^jjiJI i^jJJ 
4^ iLill SjLJJ 4jj]Li]l 4_iiJI ^ LgAfllj^ Ji>Ji 4__uLuijSLII JjjiaJI Oi-Jj 

4J£, i,jtjj ^^^iJI H(j \r 1 il«"i Random Fashion ^Ij it i_>j] u,Li 

l3±A* s - lA!>*^' £ j'nr-»"i1 l JjJa j! <(^l — lj£ d±m .j»UkUlj 1 ,. j"i j^l 
j^lll <airejJI Li! «_ilS t t__i^jJL1 CjLjj)j>. jl 3jUI oljj j^ j iLJLI J^oLxlJl 

^jjUl JSLi^JLi SjLirt^j Sjjl^ji jJsIj^j i^ili)3^>JI oilj Placing j-»ij ^ 
.4^jJI 5^jLa .-.IjU^ll j^ 2I...1... 2U...\j, jlljj ,3jLii] 

(^ 4.ajje^ uJLI ,_,« i^-)jll » 1 «i T-" 1 1 4 flj^ls jl ^1 I i-4 ^j til jl Jjlj 

L^ic i.ntj iL* ( _ T lil J j ■ a ■«- 1 1 jljll 2jU,l J^j gj CjLjjJ^JI jl ililjj 11 i-ifJ^H 

Undesired lg^£ i_ij^.jj» jjc jl S < j ■ a 5 a j-^c ti>*"' »— '^-^L^j pj^j °t ; •"•" 
jl j^>>a Jalj. jl rjjs Ale. jL^.^1 j « ^ji^ (^a ili jl*j I «^ iReactions 

^yi i_ijtjJ>l jj^ -*i\l <• I A'll .'II" ^jJjj 4j ijlV-ll 4 jjLiajSLII 3j ^^.' j' 1 ^ 1 

I j ...AiV (jiisj '4 ■j'~^ "J J** ^- 'W~>^ •— ■ '^i}^*" UJ^ c^! iJ^*^' 4«j,Ui L^jjJl>. 
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L ya\y>. (^ Jli. iijjLS. (jJI i^Jjj [£ JJI jjsVI i_y"i<iH (_yl)^>JI JSL14JL1 f-^l_J^a 

y 
jjjU'IIj j .", ^1 a, in'll (jl JLu ■ (jjiU'll Ju£. 4jl.il (^ . iljU,V.lj •* 2Jll 

,^1 ^Jjl J~) <«.Ll»jSLII («JLc (^ eLaJLSill JjI uijJIj .-tlj'.y.ll j»ljiit" uA uJS 

Ji-lj (jl^JI ■_■ j'j'H 4jij ^ SjL_jjj .^Lill CjLJ lJI liiJj jl uiitil 

■ 4_i-wLuVl •*'• * 1^" L _^LiicJlj . _ ij 1 ■ ..*J I 3 1 j ^ , .. !/■ 3j^Lc. i"lj^JLUI J^IjjII 

^uJJjJI ;» j '1 irt'f t • 

"j^'wVI (JSl^jb m — j *. . ^" j ^jo i«Vt SjS^a (Jjjj^u __^ia J — utAjl 4^J1 o""wl o Lib 

« -s. I .:..,» _j ^ ~__. ( ja^JjlS "djjj4J l4 "j"-wj JtiSlj^jJI Jlji. jl a!>. J_)J_CA_JJS "ujjLUI 

4lAa£. e\ ita ~jC Alt aj.4 jj"**- 1 (_,£ J—jiil! j 2 iil! jj ia^jJjj s-Lj^-loJI cLsiil 
IjlA jl ^1 dJaLus jL) I Jl* J jjLiJI Ij-^-j1j'^~j (<i-l-«-J 3^*"'J L« (_P-I 3^SL_ua qIsL^.J 
, -il -_.'. '. 1 1 _jjj <Li^u^jlIi 4_j_)LUJI udJj (^a 4jj mi ill (jLojj> (_yJI 'j " j ■ ■■ (jlS JmiiiIi 
4i\j 4j>9 4 aUI J" -j'" (jlS (_J JJI jjs 2 1 'Aj)fJI I <j a ' V*i ' 'i 1 (j~JI -jC~_, II "ujjLxJI 

,ij iiij, ,un tUaS^-aiVl w ><-j .a Ai-^ti a_.Sj_.u-.il .-.i^iu'ii j^i 

r IjjJiu __,altll '-■*»."! » <i~ -it a «j 1 < "\jj-3 <-iJ_>jl » L>.L9 JLoa . I Al ... Ljji i L»i 
J Lax. I (jo i(i LilJjj i«4jiejjL~» 4jit_i 4i)jj} (_psjX. ^N ^- (_y» 4-1 aJloj .^j "_"~ 
JLSj . 1981 j»L»J SjSLjjjoVI 3jL3e"il <J_iLjVjJL (("UILd^JI ^j)!*]! S-i^jjlSUj^j^a 
«L»jLaJI SjjLiJI dUj .xJLLo^^^^jj^JI _»ji if-t"ll <UiSj3j_Ci "l9jjJ| « jLA^^T-jjill 

i"jLjj_)j».j3 cjIj J ^^lc _4jLajl «_■ ■■^"■llj r-LxJ^/l uJs ^JLUI lj-_--jlj'.^" A '" ■■■i'» ^l* - 

Molecular «iijll_3j>JI » jiin" cjVI» ^l ■ ^j< Ijla <i1*j ^ ^ jl«j .SjI II 

jja*. Ty^$i i-.m Living Systems «a^»j| jJiJIi) ^ "jjy>-j>JLl Machinery 

(i 4 a I ~~i 1, 1 "Ljlj^^JI 4_uiJl1^J||) Cjlji'l (JJ^Js (j£. i"jLLpUI <-illj olSLttAJ _»LtSJI 

"^£,l;Uinl ollj^Larl-JI _>» l:;C^'^-.il Advanced Molecular Engineering 

a-jjj_jj>JI CjI ajn i^-i'ill JlScIj jjl Ijiin I ^'Umlj^j » _■ U". . .. 1 .d^il mi a Artificial 

. jj-IjJI j_L«j)JLiJI 3^ jj ijiLIjj < L^-llul (ji i_i^jll 

jO_J__>-iJI CjLjjJ^>J I 1 j 1 ■ "»"■ I J-4 4jJojX. (^yi jJ__tuS[jjJ ^/ Jli)J 

y 
4jjj__^j>JI Cjl_ijS__pjl » J-a^>. JliAjJJ r^ j n ' ^~ /yj] (^Jj-LaJl A j _'""" ' tj_^ LstXI 

4j"_i"-».ll 4j|jlJ|j ,a_pj| Lj^LiJI 1 jj'a L*j ol^il «j»^J 4-i£.l ',U kiVI 
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u • a ' j i s^m cjiijjjkj kZ iijj u 3 i_j cM-^u 




l _ ) jiJl^jJI (Jia 4 iij^jjt 4jajLiJI Cjl-»"il,l (jjj Ij ttl 4j ljJlLA lIj 

al, \-r~i nL L^jL*j-«j^aj » i^jj aLS ■ Jjt Mi'tl o^ '^33 Bearings < . » I •> 1 l_g 

ijU_.u^."i Lo u.j (10-6) J£ ijl t>-jjj ->jj-5j w "->«' l^ Li 2025 

.Molecular Factory « iJ l>}->J\ ^;mtl» <uk. jj£j i_aa-^ U Lu^.l^ial 










(27) 



^UJI JSLJJI^ 
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iiUI^HtkU 





*;■>>•• 


jl^-jl .LI_L_jj_j. f|| 


_gj" w * *'- ' - Tl |^P 


ijJj>JI JXL4J! 




ld.M.„-,^l 






J gl J'*'^J '""" "* "■;<' ■"■j 1 ^ ijj f,; ' *»_} ■■■ U^j-Jal^lal £Ja_4J(1) :(10 - 6) J£_JJ1 
jl,_ll >I)I -».'iUI JSL_i^J iJ^Sil i_J«YI jl>II ^iL^j>* J-" ■■■'_ '" .CLjjJjJI 
J^tj 40^4 . Jl^-lt ■ '* '** wl_J*^j^-> ~ A **j ~- ■*■ - ■ "■iMjt— —i jJ^IS. ^a kli_J ja t j.j'.^" 
JS\ igtl ^j_a Laj$j»-j l j_SL«i i_uJi^jj CjLJLjjjJI ciiij JjS inTj - ;■ ■^"- d 'ij^UI a j_a 
Llilj i-t-^ - (■ ')J f ■-" U5-JJJ *'.: ,i J-* -■"■— -'j; - 11 -* ...ij^. ,<n\j ,1 j-.r.M j(jj,| 

l2jL1jjl>. n * T -~ *■ ~ j ^-1 ij^j L^L>.lj p ~ * ■ *---»» ( i) ^yfl 4LLi_l1I OL_*jj^«JI * ■ •..*»" <L_L*£U 

ajjjLUI tjlajVI J_» iac ■ ^j'-^j" JMi. j^a LiUij ,.".IMjU ...VI ^« «l ««.,lUI Jl^-ll 

I.AA ^u wj^a £^£s ^^ TLajLaJI ^ ■ '-*j -*-* 1 J^ 1 'j 11 ■ - * ■ -~~ • <Li^L>JI k^jLJI » \\ . ~ *.. 

^ylt rp^JI A3LJ»Li ujLISJ) (JlA wdJj-« j»Lfl) j * — f jj ■* ■ * T j ■] jj --■ -*jj ■** »' ~-" Vi 

.(26 |«ij j^jILi J>»ill ^i-»"VI JS-UI 
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L^£.Lu3jl l_lj5jj SjLcJj ,2^1'.^t 1 j(jll cjLjj}^j oljju <_l£.^jJI (^1^ 

i_3jij. iSjLjll ZLikl itl JOjjtl .-,[<. .-.. ^jj Laj^>.j ^Lalj 3M^I ill 

.2 M.-.N jl^U LgjjJI i^'j'tl eLtLj^^s SjLcl (j£. 4j5 lil iV Lo» ^ n"n 

itfjL>-ljJI 3jLU (j^s 3jUJLt JJ U3 <_T^- tj J i <a -s 1 1 (_yi^- 5jJl2JI ^ '■ «J 1 4_a 

(_gjjd! i_ ajj^lJI Sjl f I ■"■'_■'"' ( ffjWjj il uiajl j U»" * 1 1 j ^j a Lit jj-^J 

-Jalj^j i ,^-j- 3jLcL tdJ jj Diamond (j-UI (^Ic Jj.^itU <_., "nj-jJlj 

4SL1 uu (_5 JJI £-$i!l ,_yl£. oi^ '*duV U"'^. 1 "> (J**'- 1 U5i>^' Liiljj 

tijIj i r-l^jl (>* ^ j^ d)^ "*''' <-3j <-»3 • 3ij "J I *Lij ^ (_>»<L1.I olj J 

L$jL\j£Lo ^^ic 4 injflllj (elj^e-u<aJI JLajJ (_, mm'ij.II (jj£UI) Kjlj uJI 

(_Jjj>l j-uoLiiL Cjljj (j^a dL'. V» ' 4_3LiJoj JjjjJo (j^- L ^ Jj > 4 j I -»■ I .<■. 

*JlSj (_$jjt ( _ ;r ajj_>JI »j ii ,->" II y-j'iia (_,!£. <5>jj£ CjIjJ — ui jiiAJ «Jj 
tjj mi^iVill claltll ijjo <*jj! ^La^'i-t. .1981 j»L«JI ^^J mi^ijJ 4_i 

^ ^>-T ^g_ J jK lilj ^j 12X\ Ij a jl i^'i-^L IBM i£j i cr _a 

Scanning 7t_uU.I u-iilll ^ r i^u,jj£^l.\ f '"W *-*>*j cjL^ihj^jJLI 

t£ JJI 'Sr 1 ^ " j JL>-^.!^ '- 1 -* o ""' '.li Tunneling Microscope (STM) 

SJjLc. ^j .. a •. t l(l 1 — o» JSL_jiJI j, a 4j ijttjt^^.* I ~ . ..j Liio^c j a 

^1 Scanning Probe Microscopes ^uUI jL-^J.1 ^Ij^s; ^j^5Ly» 

. \n\ i n 4-Lc LijjL^o (ji ,jj in i^JJI t4jjjjl SjiJI ','J^ ' "_2,J . a I" l ^* 1 " 

■» ...111 * ^ *. 1 1 c_j_jS i^ij^SjU Ijl^j 3jjj>-_jil <J Sj«. itl SjjVI <— j jjojj 

J-oLiJI ((jjjjjjjli) j ii~\'ic Oljj JaLajJI {_y& ( jl 1 1 uU jl u"7" M (j i '""') 
7<Ja lu cr lc ^^3-VI jJj 3jL>-tj 1 J.'j'j" SjLcV 2 j aI " « 4^JU I J^Jj ~^~J 

Lg_«1j^ i_3jjj^*j I *j~^ a 3£j_iiJI jLj ■"■ Lsufl JS "■" 1 iJSjJJI j-1^ (j- 4 -^jW 

.(7 - 1 J< Mill) 4jjjlj LkjL»j|j ^jj 
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y 
■ -j^ ...j^Cjtl I JL4 Sjji^ (_yi^ i3lj-*JLI c— ijl Trill JtjljJ £-> "-*>J -^J 

-ilj-aj ijL«L>JI L^jljjJI £yS M V !>-» JjL£. » JO^O (_y^ jjW JJ-V (*>^J 0' U ^ 

Nanostructured 4jaJL> 4jJL> jUal ,ya dllij <4JjLi« ^l^i- L$J <3 <il'Va 

<_<lJJJLI l^j JJI ^Kj^ll *LjJI I jl4 (j^ j-^jl di' Ll* jjlj . jl>-Ij ^j i JSLj^J 

« "■ 1" 4jjj JSLufc | jj«£j (^l i^JjJ «LflJjitJLI jljJLI iljljj jjjo Aie-us JJLc {jA 
I^jJI S .^.al "~1 1 ( _^ol^__>JI (jjj JjJulII L$jii x a"iVi < *"■ J"»- <4Ju^3 (_>olj =fcJ 

J t<~>'lC {jC L-J&JJLI l JliLl J J I III ( jl* 8 , . JL>-Ij (_£j J J S jlt l ^yfl l^ tQ-VI J j-»-" IIIJ 

-*-i"j V d-i£Ua n_gjlj^J!j (^j^SLJI Jjj^sjIJI j_, Lc iijLaJI 4jjJi£ (jjiLstill 

l _p3^jLij (_yjJI ■"'! ^j .U'.ll 1 I \j ^ i j 4ja| JLiej ujI *jj (jjS-I a_L*Jj 4_i3l£ Sj^Luaj 

<</■ j ,U^. .ajicj ■*■ t^...ll jlj S"i ...I ^^3 jjjj (JjoIjjlI Jj* .".~.ll » Ua -» U,„l I jjtt 

/ya ^ * ■• * ** LIA^al aJ I^La (2>^ •Lr L * "*^J' frLul (^^ *J ■■" 1 ' J (JS — iTmiI 

4j*.jL>JI CjIjL^w^U |JJu-alII ^ aJjIjjAj i_3jj aJLl 1 JljJlsJI jifl ^Ijj 

iclj^SLIIj Sl^stU 4iaju3jj (^yfl Sjj-v- ( _ > *3^aJej 4j| j Cj^aJI ,^3 » * a~j (_gj Ilj 

^ lju» jj^jj jjjf Sjjjl =ti!l j in'ir Cjljjjj^a 1J1JJII ^jj — II JSLji^II u, — II 

jji'l I J J '^j"'H ,j -»lj **■ ' * " 1" 3juJLa- 4 f^-iLi jl^J. 4jji Jil ±& ra-iJLdj 

JjtaJL I jufc SL^oLol 'ji ■^■Ilj CjI jL^^U idjljjl L^ajLi«j u l-r"ri till j£j 

l^c>U jo. i '1993 j»Ll!I ^ tULJI j>a jjs-TJj^ 4j j»la L« 5 a 

IjjOJlSJ itcuiULI ( _ J _aji_lJ I >— IjS mJjNjll jl^»- «JQ i-u'^J ^jj^ I >-» 'n 1 1 Cjljju 

1 ■ i -w \ I j ( j J1 Lti!l ijTj "•''' cLiljj jjjo 4JJJj3 SjLjj^ 4__jjj 4^sjJaJua ' 'I I ju 
. 4^j 1 1 n a _^j^ 4jS jilfv-L^j <tjjlj^_jfl (^^sl^ieJ » ~i o~r" ( I I — O JS i"ill j 
5 i flt I lLiIjjVI > ' I I"i (^1 i_ i_»S uijj£LJLI I jufc *-uiaJl 4 jru>JI tiLIj (j^oa 

j, s * 

oilj JLla j^ uJLI ^jlS^JI ^ (*AjJI er^j .Assemblers (^jLJj^JI 

1-1I ^j .U'tl »L«| ^ijjls (Jlj La ( _j— jjJcaJI jjt Jluj 1 1 Juk LLa^j ^^j yc JjLul 

ji 
0JL4J <bajlj jIjjj 7-L\jl u fl 4jiJl5jJLI oLtifljJI 1 < 1 1" t ^l.Atl d jcLio^aJI 

^ a-ijj( j> 'i'siyi oLcLinaJI plia^ tfJufcLij La-a («^.jJI (jit IJl& ■Sjnj'vll 

j^c ^j ij^'Xl VI 5^^n.VLi 4 i^dL>JI -» *itj .". 1 1 <lxuw (^Js 4_iiti3- 5j_ii3 

. - 1 1 j * S~. 1 1 1 ' ||"i ^a ^)-^» ' (Jj^Ja 
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• *ji$ eb.ai al 



Ijljj (JJ» i-JJ J^ 4jjJ ClL 




tjlji j-* ^LaJjll JSLt^II Sjuili 

«l^j3J^>La Bj^j-fl :( 1 1 -6) J* - - Tt 

Jl£ ljIj j J-4 4. 

.28 jdijJI x-^-jIl-i J>»->ll jJLaVI JSLill ^jic rj-^JI ljUSLJI l,X* _aljj ^JLi»i 






, ..^jti ^L«j«rjt ^j'-ir /-is ~ ...iUji ..,.ti CiiijSLuijjSU* £Aaj2lZ Lj^uij Lj|>* * 



UIJIIO 



^^J^ Lkjlia^l jL»jl Jj)j V i jLljVI 4jjJU jjIjJ SJLlA ^^ cLfljajJ 
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sJ-A — j;;»"" jl— >• o! — f* "*_' (J' j ^*ij mJJJI ' -~*"J V i*^ — 

Jj\ m"i I tliLuj^>JljiIjljjJl t-xa-^J (ji j-A i^L^JI l^<iXaJ 4jj^lajl 

^jLl L^jLalaiej uit (j^a Jl%j U^» iljuv r ^ ^-" id Jjilall J£l xgJI 

Ifrfll iVm.iI jj^ JuStoJLj j-Iaj V I JlAj .(^Ljj^aJI rtuVI l£_V u " a 

«jj V jjjjl 4JL£jJI 3j^>-VI j ^ * • I 4 xij^aJI J^lj^JI ■;""' ^ 

, 4^3fcXO <"tl i ^V * I jj-^ l"i i l 

oIjJlL! «^.oj>o 5^ ^-wl r-laja j ■ --~^l ' (ji j I •»■" I, I (J-qjlJIj J ^><JI {_y* 

ijjjjjj p-j ji ^ji^. |^j~i -s"i i^ijtj »<JLc 4 j->-Lu} 3jJ^ ol j till jjj^>Jlj 

> _ij > <Mij j> 'vja ^ 5-i^jl.l £jjVl tilt 4j «i3 4 3jyjLii Robotic Arms 

(27) 
(J\ Mill j jJjjiSjjJ LjJ 4juJsj (_£JJI <« j ^ ■ ^»~ 1 1 <ljo j ■ ""j 4jjjJI 5j_3_II 

it-la -*." (jrl^ 5j_— 4»-^l i±ll5 SjO^ <i^Lu U— ^ L$J (j_SL»jjJ i(12 — 6 

mJjj uJLI (jic SjSj^^JI jf 4jjJJI J^Li^Ii L^j <_k]J_L! L^jj^Pj iZjIjJJI 

Ij^j 4nUlU iliLtjSU ^°^JI 5 uLlXI jUal (^flj.^Vi^tl w <-l;.^11 

OJL^ i3 i^JJI Jj»JlXI jjlajJIj JljIJJUI ^*ill I jufc J Lb ^J ifaxisjJll 

t _ ;r JJL3 i I U-»Jlj 4JaL>J,l i_ jaJ Liil pLul f-oj ■(_,« i'<~>jJLI fja Trill 4 j i S~ 

jlSlil *^a (j ii tt" ' *j <_r^' oljujoVI (^jo IjjjS dJLLA jjU 4^J ,^-Lc 

1(_j-ij3->JI _jl L7 jlx^9jJLI ^jjul » jAT-'ill ij (}-*■] ,j-a 5j^ L-w aj SjljJl>. ftj-it 

^y^-jjJI i_jVl Lii JLa La^j . LJL>. 2 /. i ^.-. ... 1 1 v^-^Vl ^Ivtj jj^'j 

jj) i iij^Jjj^JI — j j i «" 1 1 I Jub ^l.lV~i i ill ^yj jL>- jjl — jjUJI LjjvjJj) iS")^ f\\r\ 
JlcIjSj ^jjujiI (jli »4^ljjl « jli" Milj 4 og'ql UL Loflji) : Jjl n m'^ JjLjijjj 

jjj 5jj itLi uVu SjjLULI 3-^"" ' f**- ' ' ^ ' n n~ i i«l -J^jiill 

(_^T Jus-jj V i '•■_!->■ 4J? tf jufc 4"iIo-k. ,^3 jjL-aoj^ JLuujj . ^ «mJj i.Vl 

jOjjkLixj 4jjJl»JI e.Lj_^jji]1 JL£.I^ i_Sj_lLo (j^ JTJL^*' J ^- ° (j^sLjj 

4juisL>JI LjjIjjLljaj I "Vjl -» « i_o£jj I ^ ju>-^j ^li i«£L!l LS—j-iLSLj^ 

Lg»l I Vim I j oljjJI ^41^ (jr'! 1 "frjj w "- 11 J ; ■■■ tl J Jf^JI -iL*e.W 

. jljoll 4jj jjl J^Li^JI till CjLLJ 
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Um*&it$ {bll lidifiii 










Lifl^ SiUl Oljj » j a Wi j-« i-aJji! i^j-JI J^jflll 



(27) > 

.(27 ^3jJI j-»>ll ^i i>*^l 



- Marvin L. Minsky «^< ...:« ^J ^jUb jj ■■j'M).-' 1 >^ -Ai 

tfjjjij - (jg.Liia uaVI *Kj II JL»t>a (^ <j j ui aJUJI 1 I qJ£ jj_)l Juvl 

3Jji« (^JS oLjjJ-sJIj liiljJJJ jjyjJ^jJI (J7 » irTgJLl f J -r "1 I 1 f-j— —ilojja (j£. 

4JjSU (Jj^3 VI (3 j lr> 77 \j-<u (J-*c .a 1 mi Liji 1 _p3^~i«iit)) : IgjS (JLa >3^j ^ i'i 

i4jiljitil *lj_».VIj olJj£LLI jjja CjLJ^oL^j (jr^ 1 L$J)"'"*'J LS 1 - 1 -" '/*-U (J -^ 

JjjJLso (jVI » jU* . .. 1 V 1 4 'J LLa 1 1 iSjjdtLs LlsfcJ-i ■' (jja ja£.jjl ^jpl^J < LuLs 

jj »(j^Jj . 4jJ^3 Zjj-lo ^^ CjLj^SHI tillj (jjo (jjSLs (J^ «LljJ jL>oVI I jufc 

dLu (_yl£. SjjLill AjJlij iill ol JUlUj 3_^£>.VI (j^j^La LjjjJ jj! Ljjj ■<->") 

iJjI^J VI j>»J "ij (>J I n <i fl a <jp3 ^SojkI^JI 4-jJliJI ^ (Jul i^SHI i_aVT 

(31") 1 - I 
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4-jJ-JI 4jjjU (J^LlA (j^a (j^SHI jl^__LI jL^>JI JS u « jq-*i i ^^sjJb j_£^». al 

3^ J£ ^j . o^y I (j « jj'-<ij l^u£ i.i j-^- ■_■ iu-.j .Nanostructured 

jl cjIjJJI) jJuuaJI ^ 5 jjfcLHl.1 <;Li i^/l i ' 1 l"i (jic 4ji5jJI Lijjljl i_K>>a 

.(jjtj aJ^J t^JJI j -»■ i 1 1 <_ylc Lgjl * a ■*■" Jj^ ilnj Lgj i_j£.Mi!lj i(oIjJJ->JI 
C^SjJI ,_,£ JaVI (jlfi, - ,_£ Jj>. VI (jji u-fJi i >* 0^1 4-uiiJ rjiaJ lSJ-II Jlj-uJIj 
Jali- Jj.tt <ii \-\jle. Jj-^^tl jl^ll 4jjJLUI 4jJoJI JjSLij 1 i< <"i La I jl - j-fclj-II 
LjSjjjj — 4jjLvI Oljjjja LuLul (_jS_pj — 4ajLxajSjl jljil ^L^IUca £yi (JHJ ' "*• * 
4jajL1jI (JlLi^JI pj i . V«j j^*" >^ <^« ' LjjLjjJl>. j»JL*^j ^j^Lti Sjl-Su (A4-23 ( _ 7 S 

a.uyi , , : <t-n ; S 3 .\\.^.<\ \ l^>UL^^i^LlJloL4j> ? JI ( >«5__i_>iWI 

pLUj <LloLsJI 4-ilSjJU Jl^j>JIj O^jJI _^j3jj Lr^*f liU J {J* '«(C*J» -1 ij^Sj i_3^jji 

(_g jJl cc ljr i5lJI JUtl» i^jLijj Personal Errors 3 m^t-. 5 ;.!! -lU^Vl ^^j ^^Jjlj 

'J*^ J J^ q j£. 1 jjLc. 4-ajl mil SjJLill (^ (_yJjl uj jjSLi r«J » iUILij 

sLooli. tU-iljoj S 4__jjjJo jLSjj! ^ °i f- *• ' j fl ■»- Oj <i")l ( j__jjul »l nltll 
r'LljV 4_jjjLlJI CjI j^jJLI Cjljj (J^-Lijj r-j a oj£$ u^- f s >*j i4 jl or j 

0^.,^^^ ^ 5j^i*Jll .olaKJl OiSi j^j .Self-Assembly^, :l jJi 

.^Sljaj^n ^>JI (JLtJI L4JL3 ^1 .jj-mu-wULI ii*^ (> UU= cl^ jl 
SJ^U- (jJx. Jj-oL>JI Jean-Marie Lehn mjr; 1 ^jLa jU-d jj uia^jj^JI 

ilaj uj ■*■! il^ (^ »Li*jSLII <_ij^3j tlr 1 -*- '19o7 aL«JI c 1 j «i j^ 1 1 ^yS J jjj 

jj ■■■•*- 'LijJ j , ul -.11 i_a| ,'i^"i i nlj ij^jJsLiU i_jI_j^=cj uul» :UjJLi i<Jaju^cj 

HJIjjI j<ij\ n (n 1 » Lii !*>■ i'i ( _ ;r jJ I (^yA ol ol\ II *JlA C^jIS Lup "'J.'^~' '"^1 
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i i. •|'ll| (IM,? t mUu 

ra-Aj i n'^Luaj *4fil3j L#J ^j uij (jj^JI 4-uIa ill Sj'h'iU i " ■ I J la >■ 1 1 i ' 1 1") Ij^jjl 

i J3.a ~fc . a j Jjlj ^jji^UoJ 4 il 5 Lj t»tflj 4 a (j 1, 1 jL>>jJ (^ *Ij^jaII frl olf (jjo 

l^iii^ii (j-i3. (j^l jJI T_L-uy'tll Ol j i ii~i 1 I lij 1 njj ^ (j in LLi^-*j » irti (jl i i A tug 
(JS—jjij lLiIjj^_>JI jl CjIj jJI jjja 4^3 a -r a L^J^Li. (j_j£j jj^JI CnjLa-»JI uiilj L4JU 
Jj) 1 n -kJ I jlj-U 4_ujJj»Ji JSLi^JI 1 jj«Ajj CjLjJj>JI (jjs 4 h" i a C1I1 w ^LaJj 
iJ^l^liMI*ildJjSU1i^ljj)^l^l | j^L^l 1Jr l£, (J jlJJU j'i-<-"ill4 - iiii").>_tAJj. Lt^ic 
4 AJ U*l ^j^a 4 i^.ii,, A Ouaj 1 "^ (J^Li JL**-aj (jij a > ^" , .. a ^jfiSu (ji (_!! LojO * ■ ■■" 
l£p-Vl CjUu^sJL) JaLjjjVI (jjl (_, t , n1 L^JLa ■ jlj V- ■ -VI I jufc JjnVilj . 4^-llil 

■fl*J**^"'.' 4jjjUI JMj jll CjLlil (JJJ^J ^1 j^ji _j (_£>»■' *jW-V j' ' -4*' a o^m 

^jj^ JJLt dJLufcJ • jI^Sj i-uVI LgJ (jiJTj La i^jlvVI CjLjj^-jJI (Jjo L^3ljL>. *. a 

(_yi L^jl3Ij-»9 ■ j» ■'->Ij" < V— 1 1 1 n j i JijjVn f-J^J ***J. (jt- 9 *JJ. CjLuJ^>JI (j— a 

oLLujjjJI cjLjj^-k- '«"j ~l jJI « ji-»~.ll^jli^ jjjk'O'" ''•• '•J* i j*j3 T - ^ J^'jj ■■ 

aLfca^l i^^u^oljj^j-JI i'IITiI *jjj"' illal 1 Laj)aT Colloids oLa^jLllj (jjjkjdlj 
. LUifljjjLlI 4ojjJj>JI I J la I j * (j ' •"• I I J 1 ■■ flj » 1-^" w "'H 
* a ~rTi (_^ CjLjjJjsJI (j,^ LjJj t-i j i n (_ya>3 ^j jjLJI LuwjJjjSij i_3J^jj 

til! jj iCjLjj^jJI dllj jj^ic 4 cSsr a 4jI2jj Ju>. f j a ■ "■"■ I I 5'4j 4jjI j 5jj uaj 

^yS i<l ui 4^j (jiulj . L& JuJJj jl^JLI 4jjjj^>JI (J^lo^ll jjic. J j ■ — — 1 1 J^-l (j^a 
J *JJ "J^jf* ^° Llalbj I a I jl 4jsju JSLiA (jit Jj .^>-w1l L_jjjJloaj (jl 

i^^-iLajjj (^31 j * ijJ-mLi ^j^-** ' »_a Lj-uajj ■ ^*t"~ (jLi CjLijj^JI lUjuJ 3j»L-LflJlj 

4jjjLi!l jljll (JSLlA jj^a 4 -V 1 a 4 Cj.a>-< i^Luj ,jj3 I i IS a 1 LaJ u LcliIojj 

i4^jlj mhII £ya jaijjl jjficj • I^j4 i_jjX.j^ 4_ij I j n jS j 4jju_^i3 ,_^-.l_ji6j »"ia""i 

« . ' I « J *S '-^' *— '----!>-*-*"'' '.'j'j^J (*IJPlM (_y^ (JjjJLSCjJI j»-*^- i5_>-=--i -"jW^ (J ■* j' 

I JLA (J^Lili uil (jS aj 4JI ^j£. '^) '***.' f-« ' J '-"*.' CjUj^>JI lLLIj f-a-*KJ ^ l*~ 

4 - ilnr JL»^ l j£. 3JaJ i^uJLI i-v^II JjoIjaJI ^ya JJi£. lLILLAj .^ja\ jIjjj 

"(jJj I ojl Lib^-vjj ir\ -r\\ Lj-La 4-)j UoJ, I 4 a^all ' J ^J *•* — - 'J (_,jI JJI * 1 a **■" 1 1 
. I j ■ >- 1 J >■ j 2 * t V*<.„t I CjLjjJ^kJI 4«jjU> — 
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. Intermolecular Interactions <^lii>>JI j*j Jtliill - 

jl£ i^jJI jj^^JI (jJI 4j>LiJlj Jcb£]l jljiijl jl 2b mj<«l,l - 

.Reversibility VjlJL> <^ 
.Molecular Mobility 4£^JI ^^ ^lli^jJl ijjl - 

.cLiLojl]) 4_jia a^j | _ 7 oJI ■ U . ,.j 1 1 — 
«4jJa^JI cLiajSJI » ■"■! j'~' j^. cL2jjJII ( jjlz]\ ^JLwl 4^jjJoJI " ' * Jl*j 

fCu >-,j-w - j m^tIJI J>L>- J5lj uJI ^jl*: l^j (_, 'II - Wet Chemistry 

5jj ,u.tt j|j |,| Colloids cjLj^c. j ■» 4^3j^£. iijLis r-l^J] <j ^ * jAjUj* 

' * I ■»"■"■ V Cu> i4 ij ill d *_' ' ■ -> «(_)»■ ~ J J . ^ 1 1 1. 4_3jjJa ^jjajj . 4jj1aJI jlj_JU 

aJlA 4-ufcbs J^>- JjioLilll J « JljjJLj . 4 n j I b SjLus Cibult (jl I (jif 

(^ (^ i'i^U s-l^iLI (jSL«j ibk^^lt i"il->-jl ,_, III ."iljjU'tlj bjjl ijj 4jjj^iaJI 

ilnlil j-"j' >J^' Jie — uu cr^ -u'- 1 ^' '-^ u* "j-i^i ^LiJjvs (^ic f }LLVI 

i4i^^JI tf J^J 4j uLuVI fCxlLUI b^j j^ljjjj I «j>.IjJU '"'I j"l jjji 

. ' |»^bJI t>> f>*" '^ *t<il«t 4 m^t-miH iljLuSm U^ia ^licj U1S ^Ij 

jl C((J»- — Jj .^Ilii4jl^<* ' * .-^j.^j^l -^11 t^__»J| IJlA4_|IjS JU£. OjIj ' a J 

rbjl '"''j^"- jjo 4<in->-U ,_b>.ljJU ■ "-^A ii>jl J^b c.-m4 ^Tji^jj t*-"-"^ U* ''""' 
4oJjVI jljJLI lIiI m j>. Jja-b-y^i 4jI jj u^ .4-ajjlaJI a jut Ijujj.ijjjbjl jljll J£La 

.(a i»13 - 6 J<miJI) Precursors <_aJlj>uJI bjjk: jiu_, ^^ .j_..^->-.ti iiil u 

oMcLiilJ 4-rjVij . jlj>JJ Alkoxides 4J^*SLJI ijmiISVI ^a ^£3 U bJLc. ^j 

j? Sol Jjj-aJI» («— ^b i-3>»J U jj'C") .JjLkU ijja «_<iJlj tJI 4jI jV 4 i-t.li^t.1 

4_ajAUl 4^jLd 4j^ju '"m n '"^^ ' - ■ ■■■jij 4j (3^ ^-*b»j 4_uil 3-^J *«(_jl a>ijl JN ' ■*■ V 
nj\ 1*1 II ljL^j(j^jjajJk btx ,jr»j ri i II (_y^J ■ ('"-^" 13 — OjJS Mill^^Tt-ua^a jjt L4S 
LiUj ^jjjj jl fjljJI (_yJ3 I '■ '^ ij Mi lObjjJiII i'11'i jbul jj "jjl ^ " 4jjjb (_,JI l^jojj 

31^ Ij- ( _ > ^ajtill J>Li. jx VI ' J-jUb bkjjj>-j liJjJU J\ jl jbuVl 4jjJbJI JJIjjlJI 

5a i\\jj^.<-,\\2A\r 2_,'.jj~<NI,-il .jC,.,jj<_,ll j^3t.\l ,,.11^ „<-,!! Sjj-^i 
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Of* |iJI$ elicit Alpi^i 




Jili- {jJ> ij^JUl Jlj_ll rliJ) J^-t/-" U>^ ^* '"J * (.,t-»jln^"l («_ uij :( 1 3 - 6) J£_ill 



4j 4j)iill >J^J ij^iiJI CjIt-'UIj jljll ?tla_ 



(J-""*^.? J^ 



^jia^jdJ LiSj L^SLs— uil u^ (*£jtejj! « j Laj i u i ■•'" a-iio *jj ua jjji J** ' 

Jjuj .(«.}» 13-6 JSLAJI) L^J xiiu.VI ''^^ 4la-! jjja |_^jJI a.ljj*j u,Vlj 

LgjjLwJ ol jLaJLt 7i La ■ "I 4 j La «" ^^ Liaji TuLiJI (Jj uajl - ' aej ■ "JJ ■ ^*l^" L^islj 

t^SL*^ .dil j (jJI iaL^VLj . lillSla-Vlj ^^ JLi JTqJIj tju^JLi JTliJI j^a 

IflljS ill L^jl ij i->- «j<>i lLLIJ Juu q\ aj i4iil"i-ya jI_j_j> (jj (<c &>s 13 — 6 

(jSL«j i<Lal"i'CII 4_JLc 4 ilt<-> a\ m-vl (JT ic I4L0 J ■ a — '■ <ia». i^pijKJLI 4i ujIjj 



.iilisai ^VVIj oU^LJJ ^UjSUS l^lj^J 
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jjjjSJi! f«jwnl3 - 6 J^ uJH <LLo «. VJL I 4-Jljjj rj J Juu « J^j-aJI» I j^jj 

,4jjj^L* jIjji ^^ Jjirn-H Lu; u LiLi>o ■ '"••^-J ijji\ » Gel a>I gJI 

L^jSJj i^lAjus VISLii Lgjl t «i-*u <_yj J£ iiu aj^jLj '~'ly ■■■-^ jj£. SjLu: (^-^j 

i^LjaVLij -("j" A -3 — o J^ 1*1 II J 4-JLc <u>-jj-Li » "i o "j aS! ml o" a j-±c-j ^3^j 

{y, "inl'iVa ^>i-l Jl£ if j u>i-»o ^ .iJJ j£ J^aJI > jiej uiJ i a Jl2u La ^\ 

.(-.jjljVla ^.^tllj ii_aLJVI Jia iOjpLiJI jl^XI 
j mi« II i~jlji mil (J^L>- <J-±& 'J-^ 3- " '(J^f" — (J J ""* " 4i^iD OjjiaJ J^J 
L^J^Li. {ys fCu (_yjJI (^jVI <C~u^JaJI jj£j l)V SjJL I fl t mij La-a >3^>-VI 
:4-Jl"JI «_iLiuiVl (jjl IjJ^ i^ljjj 1cj jIJl1I «.j.aJc~JI 4jiaX. 
. ajjjLlII nIjII^j »«i ^l".~ »c.lj il-i»l~/i| *« I j'ljU-^ dlj j...j L^jjjjja — 
jljJLI oLtj.13. (jja 4 aV i^> 4-jill iir» Cilj.aS 7-LiJj <_j-l^ I {j"j '* ~~ 
J i«Vi 4_JLc SjLLLi * *i a'" <4j_LJIj i ijSjJlJI ** - ■■ ■' •»■"■ * 4jojLLII 

.% 99.99^1 
.jji>i-cIJI cjLLax. ^ pj-^Vlj .5rtK~ J^Vl iij^IaJI jj" - 

4j\jaljji nil jl j-IljuJ-il 1 1 nil *i In « I 4jojLi jl^a L^j^Li. (j^aiyJUj — 
.,_>iaLiitJVI ^Z 4jLc. SjIjjv CjL>-jJ JUC .Sj^l^pll jljllj 

Precursors iJdlj-^JI) j nJiViti i"ul i^ 4J«i jl^» ■ ^Uy. - 

. ajajLUI jljJLl £-LuV a, iVi i n~i -3 AK'.tl cUAoitloj 



3juJL>Jl CjLa-uiJl ' a ' ■ ■■"'^1 a ' J .^lj">- ^ajaj (l^-l /*va J "r" ' '. ' 4jajLljl jloJLI )Lijj>.I 

JL*xj t>il>-LJIj (>dij i"J,l *oaj Sjj^^oi jLa icil lL 4^j u-ujJj • L$J g" i" t _ =r ~LJt 

jjS>J ijta. i5^4>.VI lLUj ^LJi >~ijj aI jiej uil (_y3 iaSLa CjIjL^xj ^JLil LcwjJjjSu 

yJk ' 6y ' '"'' ^ j ^ ^ j J • ■■■'*"■ j J ■ I -*•" i a^IaJj (y^jl 4joAII 4,LaJ*ll 4_Ldi>JI /a^jju 
. Jbtil I juk ^ j^lULJI sLai*JI (^ Likjiljj i_ocj (jiJI aU^L^VI j-i-aUxll JLv! 
Lili ijJIaaJLj lUUj 1 (^-J 7-jI^jj (jlII laJjjLtll jl^II .sLul^i. nl ii a t _ y JI Lc^vj^ 
jl ■3*i. »— " •■■" (3>Io jL*jl (^ ^JLUI *Lai£. <U Jlj mJ JJI Jj;^^ .l^-^ll MjJLa filajj jl 
[j'UAJJ i(«JCjJI (^ 4 j'lj'lll aL-ujv VI lillj (LjO J^Lilll l _L>. I (JJS i4^jLui Jj-la ^5-^-* 
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»Ju* 4j^j (jja I i iS ni 4 Ij . »j ( jji Jl> 5*La i«j (j-aj .S^jjS iSjj 4JJL1 4jLuu Iflioljj- 
. 4j mS^ISI I jf'^\' k j-''J"°- i >J. > ~* 'J L^j^ laSjKJI tj^a i - 1 "wLJI (jS « i i5j-JiLj^o 4jjj 

( _ r ^S I L&jl 1.1-Y M SjLUJ l.~rtll I, J, j 8 i(jLuij}U 4j^ mi i 1 1 (juJ! 3jjl3 ijl\ LtJJVJJ 

■JJ-^ ") j""IJ^" 1 (3^ L&-iL*ji (J2j L7^' 'W ">'\ JUJUlJj jjj"' * J^*"' ""J V 

3j£ Jjj (jyill <4jjjjiaJI CjIjoS mJ^Sall (jJ-^J •(J-"'^ fJ-^JJ 4^Jj f^iaajLJ 

'" J ...-^.11 ijjl* JILa JljJl><j iLs! 5j^».Lc ( kflj <3j-a i_k!l l j£ 'jj* J J. 

j£] ^1 SjoJLJI jlj LI jUjI (jrj^ «jtv, u.3 V a* .j»btj>.Vl 3 lM.u-.il 

J5I uj pljji- 1 j«jj <ji Ljj^j^ 1 jSj (ols IJJ .^LajjLj z(JU (_>c Li ut^lia ^is 

Electron 4_ijo^m£L1V1 ol ijS ■ uj^SLiI I cjljjis^jjJajj . 5 « i v. « d j'j^ ...j^c^a 
clmj) Magnification *L iVl jj<~ ^ LjjjjiS ^jU«"j .Microscopes 

JljJLI »_ijjj3jjj JLi^sj ij*-l (j-« i-i-U Jj (*>-* < dJT m, jjI aj 0_J±La _ 4JtJ Lt '1 <lM ' 

*J J * ' ^ ■• ' ' ■"■ *1 ; uS»j jj-a r\$-"' 4jjj^j£J 2l CJUaSL^4>SjJli ^jC ^""j . 4jajLul 

. jL^j-JI a.itt'iiiiI |«JUII 4ti>iIj Laljukl L^Lta-j .cjIjJJI Jls t 1ju»- 
i>slji- rt<i i ^.^y. ^ , X-ray Diffraction (XRD) ay. ,„n j»-pJI 

Jj^laJI g'\ J, (jl jjr < 4jj^1jJI_j 4j mSj^JI I j~j ■ ■ Jia ■ 2 •»•'■■ 1 1 SjjJLill jljj,! 

S^t.'.tl ,j^i.Vl l^Ij >JI JUJiJtll >Lal£ >LiAb 4l<kJ-a j j£. 4jj^i3lJI 

1 1 jJ .SjLaJJ 4jjjJLJI 3<jmi1I Ji-lj oljjjl JJ;>i 4j<ijSj jUjVI u .inl<i«n 

^ «>3l>! j»j-L> t^JJI Jj^" r^ .nil uJt ^±ijj^iy\ ^jIjjS; ljijj^-J.1 JuO 

(j^-f*J f j i— »~ uo V 4JjJ jjjs (_g jjlj ijjLLjl Lo.jJj iS" ^LoLjljs ^jja (Jot a (^l 

• W 4 .i ' "JU J *-»^a ij-»lj^- 

^jil cji^tl jj^a Vjj Beam of High-Energy Electrons oL-ij^pSLI)/! 

j^jJS LjjjJ^ p j t^ t'i 1 q, t^j iil!ij i4jjjaJaJI oLi_ji mjn,S>.jU (_y3 ajVI oJll 

. (jji-yLflJLIj aL*j>.al 4jjJlL« «.Lui(jl j _i iS" 
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Scanning Electron Cr J>^ J ^i'^\ ^ ..iUI i_jj£ omj^SLJ.1 ^jV; . .._ t 

a'Cjfli.ill ol'.jttl jtla u,l ,_>-3l>>- u^«jj Ji^ tr^ Microscope (SEM) 

- Morphology 5 i-yjl^jj* - U^ « 5i>"j '«-»UI ,>> 3 "uSjJI jt 

' . 'J ' "JU ■! ImuJjj.4j>jUJI L&jLtjl jjji ^jl~i« ii i-»".i ^1 j""lj 

f-^il LaS_j i3j__« (jjjla i ^ . -m j CjIjjo j i*i r (j\j 3jLc r-jljjjj j j ;^~ 5j *i 
(j^i« ; (JH->- (j-°_S • jlflT* " I JL^J a 1 Vi i ii U S^ii-j »4j3Jj ij> l |Vi uJll jL^>JI 

.tiiLij£[ mj^^jll >iAi" fljjl jl>-V 3jj ua (14 - 6) J£ ill (ji-jjuj 

(15 - 6)J< .nil (jroj I«m.i.4j MinjJI 4j|j^-V U.j i<uk: L-st^s^a 

jl /i^l ' ** ' J ' L&jL~0»l AJ (_yjJI <— OjJJLI CjLu£. (_£ JL3» J <X>.jJ^JJ^S ">JJ ■ -» 

«Jut Juuj ■'!- -"H ^ ^ I* -*- ■» lIiLojJo 4uoib (jr^ Sjjj^iJI ( _ y 3 ej_ifeLtaJI i t j~ j ' ■ 

4_At J"«» ■ (jl jjS «ij La LiJ 7C-U9JJ i3jUJL£. 4xLot (j_a (JLi^a 4jj_L»j ■ ■'J J ' -* " 

- jLg^JI IjLA ^ U ...Ij ■ *j ■*■ ^ 1 1 lZjLuiJLi <Li^sL>. iZjLojLla (jja 

Transmission Electron i_^pSL!)M a^LUI i_jj£ lujj£A\ j» j V. ■ nj 

2 u/UI i-ijS; l^j^SLJLI (j' j, iAl j (j—a 4J' i .Microscope (TEM) 

ojajjl 4_y^j .ol ijttl jl m-wIj (j.ajtil cjljj^jiJVI jj-o LcLul i^^jSUVI 

i ^j . -»j"j ■**■' ij»ll ptla u/| (^ajtaj -c-uLU i_ IjS. mj^ijU (j\is f»3-5j (_£ jjl 

4jjJl2u j^LiJI i_ijS MiJ^SjU jji'j i<Uxb uJI 4^>.jJy*jjJU I j . -~ I j ^. 

f 
(_y& fOLoJI (^j^jSLIV I cl « .Ml jl ...» ^a )» injj (_yjJI i4jjjjl (J^H^' o-~^ 

JSLjJI ili*JI j-l^j o^ 8 L7-^-' -^^^J^' *WJ_L>-^V' *~* ""^" -^J^ j- 1 "^ a 

(^ (Irv^ 9 J-^ ^-*^ iLmal Ljjjj i^-> LLai uia > L^J^Li. ,j^ jLiillj i(lo — 6) 

.3 m«II J^L>. ^yn rL=tli (jjjj^pSJVI pi » Mill iLaJ tjl t^Ij . jj^jJLI JSi iJI 

Lj»l*»'^l f- 1 1 mi H 7^-JJJ L«v9 i<-"uflj L^Ll>.j l^i'" ( _ > A^iiitj (_L-^I (Jjo "5-IL«J 
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9$d\$$b*ii*k\ 




iuij^iSJJfl ^^ ■ "' OLt^SL^j^LUI f-l^ji _l>.V ^flij^jjyi *jj — * :( 14 - 6) J5LAJI 
.iaJbLJI^S^A^ls i**L>. ^ 4Ur JM>- ^JJ^ll d a '*-" ■■■' i^JJI ^l-^LuVl i«M .*Tl 
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&Li1L*tiii£i 




[«— *J idj^ajl ■*' 1 "- ' j J^*JJ . «UJL}LJ1 ^S^A^io AA4Lfc> (jfl ■* ' Tf *J^** ^J^ll ^ iTmL-^" rill 



(8) 



iljj£i rj-id J^jic L>u^3^a ijl^^lT ^jt-ijt-i^il 



^yjl 4jjJl>JI 4jjj[jjSLiyi CjLij^ i njj^jlL 4-coL>JI j j i^~r 1 1 Zj& ^'jLh-'J 
(j^ — jJLojjU U..Z (^yjl U. 1 j^j« r-jljjj — **j*' '* " <L3J »_/» i3^_o UJ.^" ^se-i 
L«£ <4jj^LJI I j~^ ; u (Js-lj oljjjl i_jjj^jj SjLail <Lili«.ljJI 4j1jJI L ^a3t3 

.(17 - 6) JSLiJI ^ jtjioj^ jjfc 
. ^ys.^J^jaj^i I l^K .".j LajLljI jjj»jjL5>» (j\jj>jj Sj^jLJI jljJLI ^j^**- '** u^ 

L*4» <4jjJLJI jlj LI 4 JJJ JljJl^j i^lc 4_JjJl^ ^1 4 isLi^Li I j ft 

,i-il \l fl-^»l cLujLiLa i»J^Li^JI jl j ■ -» ' »l <»l^Si (JlLa * 'I -II <jjlj^ui]l 

SjLII i- r ^>J l^s ili-ljJI j uoLLtJI (>jjlj <jSL*j jlsLlII c-jj£ i^j^SLJ.! 
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Energy Dispersive a : •■_... .ti 3_t_i>U (_yaJoJI <■"•*•-■< l ^LU lIiIj^jj 

.X-ray Spectroscopy 







IgJ Lxia^4 n-fl-ljllll)UUc L gJl_».yiui>.|aIli J'.'TI 7t_iJsj3 Sy_i^S :( 17 - 6) JS— jjl 



»,„iHji .,..ti iZtiijfS iujjSula 

(J^-l (jjs 1 1 ^j« > I ■-« — ' a i<j^JLi!l _il_5_Ll Cl\ lie Q~~~ a ^LjJl^Laj -- jjj ( j sLill 

liilj^aC La (jJJj i(_gj^LJI I £jj£jJJ <Lt»- jj^i j jJ, I L^ol^i- (_yl£. i-3j *jJI 

^JjLjJi ej_»JI ^^3 J-*^' jjjir^ii'i I j ■<* Lij.l-x) (jl Jjj ljj <) i J a CjLaaLi a {_yt 

• ia^ilj 3Sj^jJI oLooLlLI >'!!") ,jja rfti-jJI |_jic .4JI J jj J.->AII ljuk ,j_4 

(jjSu i4jjj^jSJ^I CjLij'C c I'j^^jLI a!, I V"i uiLi '*■! <j»ll 3US"<1H jjj^ajl ^La 

jl 1 1 nil CjujSLuj^SLya 4j3 j m t" 1 1 jj (4 1 — «■ a jjjc) jLjlj j! 4-jjLij IjJ-i-a 

3 a^ll oljjVl j a Scanning Probe Microscopes (SPMs) *. ^Ul 

jl^J.1 oLUc ~U,„? (jjjjLiiaij Topology au^jJ^ais 3 "b-^ 3-i^>L>JI 
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Jji^>Lflj )J!mj i4 JLc <ijjju ( jLij jI 4jj^LiJ 4 „ ■ ■■■»■■» 4j-wjJ^j^la 'jj -^ 

l _yta\^J\ ii 'I «i i nil i4jjlj_>JI i4jjj^SUI (_^aljj>JI JiLo) 4-uL^-inIl (^polj^JI 

(4^-jUJI obL^VI i.ojLLa .Sj^L^I JL») JuS^KJUj (4, ,„jU|-,;U 

Sj r. J» 1 1 SjUI 4_Lic -- t~ .-I 
I Juk ^ LoJ uu Lj^£j L»5 - tuljjS! u*jj£A\ fj-JI I Ji^J ^J u<jjj 

i-Sjls 4jL^j ^ « 4~ Ma iProbe* (6-18 «1») ^ ■■ -^ 1 1 » Lfcik. J— U=»J 

^1 JL«J l jlji.1 7rU III! (jyk- Sj^.jJ.1 CjljjJl (_^3l^i- (JJilj^ (_yfl J "ifl'lU 

(JSi iij Lfljl m;~»- jLjljI (jjj^Lia (j c <Ldj3J till ajU a — 4 jjj^jSJ il 

. JIJ-uJI I Jufc <j£. 4jU-^I i_Ll3j SijjjJLJI L$j£Li i <Ji-ta L^JljJ ' * Ahj 

La L$-iii Li liiflLj ^^IJI i^jjt^LiJI J ■ ->*>! ■-■l~^.» ^1 \M« JjjlJ (jl Jjl 

( JS (_ylc (j n j d" (jT L^jLui (Jjj i4jlJLi 4_l4_£| jjjo 4j^jLiJ( J^aJtl ■- L» ■ ■■ 4 l~i <| j 

jljJJ (jjs Lk^>_ui jj£. 4jj_>Ll!I jIjJJ j^i" i ojSj iSjLLI . < tj i . ..^ ( _^,si^>. 

i_lUj lj -Lc L^jljj /«Jaj^a Jy»-jj i L^stla uil ■~il-«-l . .. *> pLfljjLi -4j ijlV.tl 

a-uoLiJI 4_j5Lj^aJlj 3-ijIj «_!<]! .-.Ijj^-.llj 3U.V.VI J£ j^J ~t VI 

■xla ujl tfj.4 |U^ i ;..- I ."-."■ jjLs '7t-Ia "Jl lt^ - L*^'- 5 *ij-L»«J 3jL« mJLi 

3^>.jJLIj 3_UjJ^>JI 4U. ■*. 1 VI 1 < 1 1* ^yj SjJJiJ 4jjaljJ 3juj j^l LojIj i^jJj 

La_^ja i 5jljJl>.j 3jli^3 ( _ > ^>l^>.j lLiI <i 111 j^JJ jl 4JI Oi {_y> l_LAj . S^LaU 

. jl^JLI 4jij (^c 

(_y3 Jl^»J| J_i jj i jljJLI Tela ui 4 uljj 4jo i»l LJ -rr vW~\ i/»j jj__ a J 

i7t I-1111VI Liit (_,!£. LgjIjji—LXJ^jj fiiP 4 jiij^ijJljjt ( j£. i_ijS~tlj(' , i-» jll 

4 s I .*. 1 1 cjLi uJlj l _ > ^>ljjJLi (J^jLjejJI ji L-a^'-^-VI 4jkjI !<■ >_fl^«"i!lj 

. a Jl»- (_yic 3j j (JSLi 
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: ujjb ^_tuUU ji > i -I I CjujS majS ja p»^->i <j^ ju uj ij ^jL^oj iLjLi^ 

Scanning Tunneling Microscope (STM) £-u,lil _»*'■" i_j^SLujL>iJ.I 
.Atomic Force Microscope (AFM) 4jjJJI 3^2JI L-jy^mj^jaj 

^ys pjj*-l ^ - Laim Lj^j L«£ — t_s JJIj ijt uiUI jl n nil oLaS mj^ja 

Gerd Binning «j__LiJj j>^» Uajt^Ui (jdLLc su ...ij ; 1981 *l «.ll 

S^ii J^Ll»; (j>Latj LJLS jl JlUIj .Heinrich Rohrer j±>-a>jj ^,-j^.j 

»IaJ1 ,ya U i - 1 "■ o'-'J'j .ij^ujjjjJI rjjjj S-y-J^ 5JjKJI .IBM *l ^ (_gl 

.(.gjnj*!! plpi-VI I j_* (jt U^J ^>.j.l«.LI iftLj^-^iJI ^ Jjaj SjjU. 1986 

J*aJIS>£fl- 

**""! j"" sljU ■- . ..It i jLj (jtll CjL^S majS ja (jj» c-jjji I Jjb r»>3j 

*■ Ui.i oljj (jJc j-aj i3jL>. 'l-«jaj SjjJ J^Li. jj-a i««UJ3l mi^'miVI 

2«j'«jtl f jL uJLI) Z^jVI i> Jlaj . LgjualjS. (jij<~ jljJLI Sjl LI 3-Uc 

jJia (jjn I flijii<Vi («jj iji 4^JI ^jJjjI^ pi j J j 4 Ii^i'iU i5jl »Jl 

' .j-»-* -■■"■ jl iSjJJI «ju» ( _ T 3 iIojj uja . (jij^LjJ! jJfl jl .j* ...-». r.ti 

3 ■ ■■ «M * jdc 4luJI Ciljj ^ S^ijII iliLUI 3j^j'iK_iU «2iIjL$».>U 

*Ja ui tiilj ja 4jjL>- V I 3j jjl (jo uU4$ ±4>- JyJjJ ^s ' L$J «/j"^I 

.4_LijJ! 3jL« 

7c-La__i_» (jlc Sjj^-jJU CjIj JJI jj^a Sjj JS ((jjji acJ» 3^jV I 'J "'J 

SjjVI l^j'q j j ■ ■■" ijjl\ tkjLsc uJ.1 L$lL>.j J>L>- ,^a ^iJJjo ,5 -.^.tl 

^j£. ' J U3AJ JX.LpJ <4jjljZLoj ^ a j 5H ■ ■■ a 4ja itia . UjU-w. ( _ ;r Li f^; 1 

3jjJl ) ^ A ct"- "^i)^ ^ *~* ^^^ * J ' "^'^ Aojjuja Olil uiyOJ (jJajtj 

jla lJI (jic 3>j)?I J-4J .^Lije l^I dia-jJI «JLA JM3.J .SjuJ^JI 
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( j^a i\(j"i\ t. j jj a iSjjal (^SlxJ (jyJI t^->j J La-* <4jjIj 4 tn 1 ^ I if 

.A^jjfejJI 2<..':.U 

3jL»JI Sjj^l til £ i—llj^SI >i^ 4^?^ II ill* 3jI i^M jJL>OJ 

— f I jj (p ' ' 3j -l>. 4_ii-uoa^o CjI j 4__jVl3 _i' q a o— *° ^ * *' ' ^ 

SjLa — <Ujloj^9 5jLa -- t-> •■■ jjja i_j^_i!L) — (j^j^LJI j I £j* ■■^ "tls 

Tunneling ^av.tl jLUI («-l-Li <-ajju .jLu jJ£j <L>li - SLLiaJI 
S^jVI 3jLa (j^j ^yj^^ll ■ j-^'i ^ Jj>2 4-t_« t ijj .Current 

■ 4 ijill 5jLa -- *-> - -j 

5j_$J>- jl (0_AI JL3-I iTLuUI w S^ltl l_JjS mj^Sjll jl l"(f I jjjO *JljJ\ u^£. 

lioj^SLII s^il.^jl I ol j sLj^jUI jljll '*■! '■j'" j I ■*<■! (^ . Uv« -. i ~" . -j 4JLa 
Gerd Binning «j-iii) j>j*.» ^La jlIs JjJ . 4jLlijlaJ ^ jo. ^JJI j-oVI 
aj^a^. oMjJu£ Jaju 1986 j»LtII ^ Calvin Quate «olj£ (j^Dl£» «j» 

4jj jJI Sjill ij^S lmJu^Lxa (CjjjI tf^^it LalLsl (_5JJIj .. ijC ,,.jj<jll I Jl^J 

cj>L)JuLiJI i 'I I'i cjj! i «j . ' Atomic Force Microscope (AFM) 
, LgJ ^rUmll (_>^>l>i- jlj'-^l <USL«j ^1 jIjII 4^.1 l^ SjLj (^1 4jjK1iVI 

I JLA . 4-u^SL!l Jjljjdl jl^cj 4_u^gSL!l 4jlir>jJU 4jjJj jljil I'llq mi i.ijtj 

l_U jJ,l 4-3 jJo jJaS J-*J ^j.Ayi* ^jj)Sjl "^j--»H » r- j 1 ■ -^~ Jj JL*J j^jJJ 4J3Lw3 2 Li 

i(<SjJI i^>iL)) tj-aall J-ax. iaj ^ SjLjj r-Ljf La» .jti^ll ^ 4jl£. . jUJI 

. 4jjjLUI jl^Jll jtiajjii eU^aj-r^ 7*^L-iJ oL>.jJt.»j 4_i^l .1 in«j 

i7c_ufLJLi j' ■■■■'' * *j^ "'ju J A o^" ^^U^' S^^-J' ' * j^ ' " j j ' A ' M~-».^ Ijufc 

. j_jSLj1jjjJI Jjjj 1 4 1 1 f>^a ^ ; ■'■ 3jLa (j^a f- j * ■ ^> " HOOK i—sUoi. (JSLi (jrltl 

(J»L>J! (^^jlill fljj jjl 3 i(( 18 - 6» JS__iiJI u fl je_Lis^ jjfc I «£j 

(j^al^i. jl i'i^I Jlj—ll 4 n«ll jtia ui 3^ r 1 ^-; ' liJjJelJI (_yi IjuJ i,jj< JtxiJ 
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(_^ JJI jjoVI i ft la ■ ■■ II CjIj j (jjo ^jjiaJLI i—i^idj i<LL>-jJI » j-A J^L>-j . I j — 1-> u 

1 4 n«11 7r U i ii CjIj j d^JJ (j ii a 1 1 3^jl (j^j jiiLij jl i_i jLjo i_$J^ JlIjj (_yJJ i^jJj 

i/ujj .(uaj+& jl Ijjt i<->) ^^J^jISLII f IjJ j-iisjjj (^ i_aljjtjl jjJI i_5jJj L** 

(^ i_3ljjeJVI I JlA tiil-LsJ (jC iljJjjJLl S^SJI jl Ajlo ijjLj^ (jl i4 inii'i J*v Mill 

*■ Uinll t^lc. j_/ji!l (y> 9 L» ui ' laj a i ■■ (jjj^io jj-C gu i^jJjjISJI 9 ijj *-u2jj> 

tj£. plj JJI I juifc l^ji i_2jjeJj 3^ J£ (^ cdJ j AJJJ n_3jjtil.l f-lj Jl! ^lil-^ll 

i~il A.~,Kti jj^i 3x,J_4JEj3 ^^i^ ^J uS. « L JaflLujJI pjj uJI IjLdlJ . (jr lu»VI 4jLju3JJS 

J>U- ^ ^Ij .4ljJI 5__JLt Photodiode k£y±l\ 3 JLi^l Detectors 
cjljLii} (jJI ^ . .X » : 1 1 jJjJJI <*juii 1 jja <LoL2JI <fjj uajl tiiljl Ji^U L^L^xj 

.fl" — 6) JS^iiJI (^ L^-y> >* L»^ iS-iUI •- U 1 ■• ^^al^i-j 



[ 



AjJLIj ■"■! * -*■!< 




xJa^i 



jLjii-l ^ SjjoJ I ajjJ I i-jjSjjjjSLi a J-o-c a>&S U^f ^"j "»>» (*— "0 =(18-6) J£_jjl 
■ Ltjl i"i-VI jtjXI 3jUI i'nf — u... oijj ijlci I^Sjjhj bUjI 
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.Magnectic Force Microscope a^.-jUi;:!! s^ui ^yCiij/Cja - 
.Laser Scanning Microscopes «^.UI j>jUI iIjIjjSLu/j^^Li^ - 

Near-Field J—LaJI 4— jjjl i* mill a : ^,^n .-.i.j< ...j j) < : ti - 

. Scanning Optical Microscopes 

Lgo^JlJ <?c-j_ulli jl i i lit. I tZju^S mJjS jrt ^j^a 3^S~i ill pljjVI tf JlA j J flTtJ 

iSjULI 4 ijf Tela uJ 3j I t"i a L ya\yt. (j<^±JU i ^£- 4_SjLiII LjJjJ^J 3 JLtll 

:L>la 
.3 i^riT-UI 3jlj^>JI oLvjJ jlc 4_iJj^p£JVI 4jiJI JuJL>u - 

.^yjljaj^ll infill Jy_L»J) — 
**^J ' ^ ' '' (_^l*iJi jujj — 

.Sjjl_^>JI (j-ol^jJI drujti - 
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iLgjLxls. (fi j 2bjjLl!l jlj LI J oVi» 

)« Jo- 1 J OJSj (^ J aJojJ'j 4j|jjJI iliLLus 

Prof Kenji ^jjj ^ (>*-£ jj lujjsj^JI 



I 



LLJi cJ* <£* 1 1985 fUJI ^ Suzuki 

j Min-wLH i-u/ljjj ^jl^ia 4jljj (^j UiL 

lila t( jVI ^j (jyiAJ ,_y<S <LSJLc 5<iKtl « j A 

•UiSLa^jjJLflJI J»-jJI IJ^J^Lil 3 !a*J 

(_j3 ^ji*r I 4 i n i nj.3 J-p I (_yii (jjlSij! »_ii>ljjll 
jljd4JJ liaLc 2 « . i S*< 1 1 j|j !,L («a^j (jLLJI 

»jjk jjjj Loj» :4j(_ui! (jl ^yS CjJJp SJaaJJI 



SjLi),^! (j^j^LJI iljlj j jl-l£.i 

. i ~ l\ [ A 1 1 .'ill 4 Al \ ■"■ 4 i L^l ii| | 

gjij iSjjosJI i^ilil ii3£VI 

cjliijjU"!! ,j-« 4 - i -" - (3^ 
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»-CJ» JljLa "* £ (JLJI (^ (j'lTjJI Jo L^jJI jl£ ilL^j}\ Li] I j ^yfl 

CxjlSj . jjLiJI ' J"^J^J'^~ '"" *.;; ~'J J 'j a *— J ' .''> (j"V «Lsejjis J.. '"JJ 

cJlj La L&> 2_loL»JI 3j*.-» ,11 . jLlill (j$Jj l °J^£ * JJ*** ^ lntil,l Jl aVI 

3^4 i<LL jj\l»^ jlj Lsj . <ju3j^jlII (JLoVI i ' 1 1" ^j" i ii a jj£. ^jjuj tdjuialja^ 

Lc^ ijjjsJjlII JloiJI lIjIjIjjj^JisLmjVL — jJLiJI Lva-jJjjS!" i_£i — L$»-lj~val 

- Jj-lII i-iilj diLojSjw iJ^-3 ~ 3 a.ln'ill JjJ IL-i 4jJjJU Cjlta'r-rU J %s>~ 

Ujl£- ijjLill (jl I ~"i «" -^Jj "- ; " j«^o jjLill jlj ill o (j^o S^\ jll SjJLoJI idJj (_yja 
2 _■■.!/• CjLcIjjLi is-jJjs CjLtoLfcjl V} ^^jfc La iL^jJjJ^iJIj jljJtl |_£Ju*a*3 
i«4_l>-ljl]I t-I^jVI» w 'M (jjo (jj^jjilll (j^i>-LiJt jj_ a 4.C.J o*~-l 4 jit ij 

Ja-j L^jJLjj ,_, ill iijijJI *j^jjJI J£l ill (Jjj^LaJ (jj£jjy V jj—jjJI 

(JjJlSjJI JN-- j "■; 11 UJJ JjI "Jl pi .U'.VI j«, |j_a, ^l^J^jLJI £jl iSJI 

(^ L>-jLii i_ajjLa n_£jjjj 3jis (j-'-JJJ " jj '".ftjj-J-^ cr^- (J* 3 ^ (*^ 

»j *>'-»." (_£ jJI i^tjjjij 4j|j_iJL> i_aim jo-aill till j i_iLlu! SjuJui 4J0L-J 

irj ^Jl ljuk 4JI Jiii jL («jj^II tsj\ ill (jJ dpMj -^j^LJI jIj LI 

. 0L1 l .^~i * 

(j^slji. SjjjJI I j~j '" OLJ0 u£ « a~»«" '"'J**- ■ "j j 1~ * 4jojLiJI jlj_ll 

(_yJS Sjjlj 3f LiSuj j»JLJe" uij jjl Iflia SjLaJjJI SjLail JjitJ i3.l_i.lrj 4 ii !"■■»■ a 

LgjLxus ^^ i 'lj a 'J^ "J' JljA 4jjjLiII till mj->i|I «_4JOJ *c3jj "~ " J 

(«J njljuJ uJI Lj "<LjJ LjJj^Luai iSj.Laj.ll ol i>i^Li*JLI (jjs JjJUlJI (_, l^. 

Lil_Lal^j uJI jl _<ua _jl Jl^u icil! JJ . 4 lLloj 4_l^-a (JJ^J (jl (j a I ibLo^j%j 

(J^JaJI jl I j Uj ^ ■ ■■ Ju£. ^Ijj'^'j ...K~ V -jl""^"j 7-L>.j\JI JlLa i4j<pLjJI 
d^uoljitJ ' 'l_;^ljj''ll » "i a"ij lJijS jl )<Olj Jjs. ^ l-lIjX. » ( _ ;r >~i IjlAj 1 Lj-iic 

ajjliJI jljJll lAj < i".-» < j ^yjJI (^IjiJI <lflj <U~uu 1— 1 JL>. ^yjl 4J£. iajjjj.1 

JjL>.I (_yS a_lc jjLkiaj <_l>.jj Jjl aJj_L«j 1 1 JL4 aJIJ^u (jLSj S U*a lg mnil 

ajLwVI i4la.«.»j j)ljj*^jJlj ju" uujj-LJJ ^yj uiljj ,_,jia.j^9 J*>L>. il.^'i-ya 

. JIjjjJI ljufc (!_>£. 

134 



LijLp. 4_i ilajj^j I nflflj Lu^Luil Ij i^»if Juu i iLol im%.I (j'jjl (Jj£ (JJ» A) 1.7 

oii^l oljj j- >j3j ■ Nucleic Acids 4_j^aJI ^1 o^ljjj *jdl_j 

(_pJI 4<il"i-Vl,l jlj II CjLjj^*. jj^a tj* j^La u^J » li!^>- (j—* ij\£-6 ij$ (_, S 

,_£ jj| «| juiJI ^ 3 .ijjjjjjl LjjLp. lIiUojkJ q a iliaJ J£ ^ I j * i~~. . ..". 

Jj3jJI <j£ Ixajlj 1I4J (_uSLj (jill j»MSVlj . LgJjUjj ,_ylll (juij^mj .4jjLuJ 
. jj>JIj j^tjJIj jjJI ^ iLuL£^a til>=ej (_JJlII 
j^ <ja£j Ji3 {jr&S itfjLaU i^lill jj 1 n \ I (^ (j^j^SLlI ulj^t J — a^ajj 

(<jj)JJI JiL») <Til uJlj .(Propane ^LjjJI jLL J '■*) SjjLiJI Sjj.^II 

I J inlj> pj-"J OJi^" "— 'W^J^* j J ""'" 3 •(i>"^'_? '"m^I_>-«-II (J^a) d . l.-it'j 
(jja Liiljj 1 jljll CjIjJ («Jaj-a « a JoLjj^l ^£. ejJiSJI (jaj^SLJI Sjj I - 

.Covalent Bonding 5 j a a.1 , ,.~iTI Jajl^l < ■■■!; Jsjju .4jj2 Jauljj J>U- 

jtibjj (_£JJI (« l» 1—71 JS[ liJI (^ Lr*J-* >* Lx^ ' d a ^ *- a jl^o J I «J »-lj 

Cjlji f-Jj'j ij^—ij£ 3j!i (Jaj «*' ~.l'.ll dj-,*>l ..."<ll 4iaj|jJJ lj j j .*. Lwj^ju 

.Methane t CH4 o^' 3^ *c5>* 6i>^ u^Jj- 1 ^* 

«Uu,La 4_Jo L^J Carbon Network u>i>^' ^Lp i>° ^."" uj^""''^ 'UiiA I, 6-« 

.(«c_i)> 1 - 7) JSLiJI Diamond-like Structure 

jV .dj^jJI (j_JJ^JI 5<j mi J__u,X-oJ 2LiJJJLI (J5i£JI Clljj (>a Sjj JSJ - 

( jjjSJJ nj^j^SJI jjja j_jSij (jl Sjaj iAILj Ci lujJ ij;jS.I jlji iljljj J-JjL? Jojjjj 

c5Jji9-(«7T» 1 — / (J*^ .*.ll) AjlClxjj >Ij aCiljj Jj a ''-^j* 4Sul -■""' Chain dl ...l... 

llL^J ijj^ LT-'l '(J-^'j-*^' 3^1*.^-« jljj, 5 ....'. ".I I Cj|j jjl ^jj j^jiJI J It'll I jut 

j_y3 oj^ljjl jl_»il Cjlji oLLuaj (j^>l_4i. (JSJ <4jtaL>- Cil iua I j loI_^> ^^ J --^' 
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^UIL*)1*4J 




H 



H^irH 



H 

0) 



H H 

I I 
H — C— C — OH 

I I 
H H 

L=*Jt 



(o) < JUJI jl_c (I) Jl* OLS^U j—* ujj^U ,jJj£JJ 4joftl inltia t-iiljjl J-Jpa (| 



(1) 



<!r Li e yi j^^iii ( E ) ,^m 



(j£j J«J -J .»:«tl I *l jt 3j j fl" t, I j 3j J>^l (J^lj^Jl tilJj jl !ol (_y3j 

i^jLlII Lx>.jjj) i\"i a! nlr aLajjIwj ( nti'ii (j^jjSJI jjIj <-uJ (jl 1-jjjJuI (jja 

(j^ill '"'.*J'' t ' ' '■■-*"■*" J_La >4jlu/Ij <jj£cj ■'^-i ■■■* 4J Ijjua^ajej (jlj 

CjjjJbj (jfjJIj .rfSil ,,.tl SjJliJI J^Li. 5jljJl»JI .ilj—JU J- "' iJL?- a (jj 3 

i—flLJl JLa ijjjiLjJIj 3j 3JI SjijJ ui jljja 7"ljJl (j^ U5i>^' i njlnjj ^ £ 

4.fti- bj <jjia jlj <£ l^al jiiei lJ (<u _ ~<i Carbon Fibers (jj_j^iJI 

Composite kj£\jlja jlj^s i_ajtj u^jJlj i-d] jj i4j)lill jljllj olj -l;H 

><JLlLi I ^.Cl«i" i^Ltu iSjillj 3jM__ i^aJI L^ol^i. ^ *. <u>o Materials 
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k**e«cf 41*11 je«) -.itdjiit 

— (»jJI Lr 1 ^" *>*-' ■-"-* oJljLa ur^' — •— ^'j"-? * ' ' ■ ^ '"' (3j^"*° -'-"ii 

.-.I .It->',1 1 «_a » ft 5/Lij 2 /> i V, ^ 4_j_!jjjS jijja ( _jjlitjj jlj-1.1 a\* > 4jajjjJ.I 

rjL>- .2*ij i^ll 3j\j_p_-Vlj CjI J *J,I 7-l^Jj CjLj^-jJjJSkl! Sj j'i't t 1 j 4 »JJ,I 

(jj^i!! jJ^L>- Ijjj ■ t- ."ij I ijiJI 4 ajjuaJ'j 4 Sit 1,1 3_^ji jjl < f 1 1" (j-» UJd^-" 
4 uiAll .J-a-J (Jj i.Sj-3jJI j al i -"■ jj-° I J '■-*■* ' la •*'*» Juu («is i4JLl ijJI 

<CjljLi_i*JI d C I *' ■ «3 (_p-* 5j J*Q 4-JX1 1 f I >-> i*ilf I t->« ^^ 4^Jd0jJ» (_2uU3J 

cLcLlxoj ■■*'! j'ljj'XtVI 2 c, I 'i i aj »3 jjLiiajLJI CjLfijJ.lj CjIj—jLLoJIj 

(jjc. «-a uij _jl ,»»jJI Ljj>^ ' *J roiJS .4 j-lIsLijJI «3— ^>-jlj oljjil 

£yt 4jj)a-«.U Sj^-^Vt jujill r-lllV ijj-ujjj SjLaST ij^j^SLII aIjljcj' i-ul 

j-jJI 2 * i aj 1 1 j 4jjJL>JI S^g-w VI jjja ijJJ j j-i^-3 •(— ijlj^Jlj ii— j tulj^>JI 

_jjj_>£L)l 3j j Jj! i_4 ut>.lj . 4j ^jiijjj (_£ JJI _jj — ill I JLA r-jj (jjc. j j «~i 

jjt^l LojjJ i(j a-ulaall ^j 1 in" 1 1 j 4 uij.1 ^"c sc _i II a! q~ frVI tjr 2Jj i_3j u> 

^ jjLUI Lt>-jjj i<~ 4ji>J 4 i«lltlll J».ljJ.I J}L>. ijVI 4jl£. jj* U-« 

.(j^UI Ijufc 

jj-^tl ^yjfc i3jljJl>JI La-jJjiSIlJI <-£l li) 4-_jjI SjLa aj*l£ 4j («__<fcjLilc.lj 

ij^j^LJI L_jljj - . ■ j~j~ l^jlr («jj ,_pJI Allotropes 4 nl'VUj 3j jUll 

j-j£i _jjJ_>5jl (J—ILa 'JJ "^" <j-« 4j^j m a 4 cj«i-ya Jv 1*1* i^cjtcj i^nill 

I Al ... Lj^j Lo£j . (jjjjjjjtl I J i^jjiULIj n~ij'^lj-aJlj i^^fljjjo J(l jl i_5jjJjJI 
lj jjl i-..jTpJlj jjj-aJI i-aMlxl (jli .i_)l3SUI I JUfc jjja liJliJI Jir-iiill ,j_3 
1 j-3ljj>JI (jjj jjjLjJIj fjJJJI 1 Ju* (j II i^jJj iSjLa lJI Oljj 4j1£. J »-jj 

JlSLiVI cdij (jl i Lia J>SJt 4j-»>Li.j . jIjJ.1 ^ 4Jk>->lj ^ JJI oU...!lj 

jjja 4jCj<i*»- ftj * j i~j ^jl 4J j-SjJ (jj—JjiJI I fl^^ -Aa-JJ (jj ^' 4 iin*rll 

Ly jju I jufcj <4jic jj^-jl! Ji iil 2_.IC_.j1l 5_,;.ll LSij .SjujulII jj-oljiJI 

,-.U_..U-,ll ^ »loi«^ ^^U 4JjLill.lj icjJIil 4Jl£i ii |»Ui JUJ.I jOi 

5 A 1- A- 1 i 2 ■/-!;, „» 



137 



*iU1 L*»l«-U 

^Li. ila l( >i£ ,^1 Graphite .-. yaljitl < *:.^ La 3j1 c 

,' ' 4jibjVl Sj <12!l (^a M^»i Sjj^ail !-■ /-iljiJl Ore 

iS JJI Synthetic Graphite ^;.^.ll j? Jlieil i-./qljJtJI 5ji 

i'l»i mil 4 iij'lj 3jU*jo 4-iJa3l iZjLaJo 4lj A cr^ (J L*J>' J' 

jl^l.1 ajiis i-i-s' jjjlL; ^ I jj .Horizontal Thin Layers 
Thin Sheets iiiisjJI ^SU.^ll l<1]j J< .V.T. . jbuVl 4^U3 

(j^j^SJl CjIj j J^JjJ (j— III 4j«iffil m'lll gajl j jJI (jjj^yb {_)£■ 
A jinl JU-u 4jj^jjS Cj^ j\ i"i"i LiUj ^^3 4JjSLa 'u^« m Iflirit i 
>"ij^1jJl!I (jlnT-jj .( ^— / J (JS Mitu 7u^9jjs ^& Lei , 4_a-kij-ijo 
• "'^" » La g^j l^-kxj ciljjij . ajLLjI I j ^ j tj '^"' *l ei£. ~* t". a. I . 

4_Jj^5_jJ.lj iStrength 3_ji!l : L«_a £j*"i j* lt 1 "^' *- (j-* **— i 
.Electrical Conductivity iui^SLII 

S-cLli^J ^ '"-/^j «** J>>--> (j^- «l-3j-*J La ^1 SJsLisVLij 
JLC (_y^ 4^o I .V VI cu! l j J a <*£.>JI (jl^J i ( _ > ^L^3 - >J( a^ ^1 

Crucibles jjI^j 2 /-!;.„ JLo -^ ^? 5j i_.lv. ^VL^a 

,4_tjajjJtl Sjlj »JI CjL>-jJ ^ ^IjJjVL) oljlill j J '^ 

oljliJt j j j^' Jii L^j _ *tl Moulds <_< tl^illj 

j^l ^ tV, ,„j dji ^ji: . L_0j (_-, uaJ Molten Metals 

:Jla ,J>i.Vl 

.4jjIj^SL1I 5^^>.^l — 

.oLjLUJI - 

l _ t j > >^SLII i_p^a!I oL^ 3 ' S-cLiuaj Electrodes S^^LII ujLLa^l - 

.cjl^LiJI j6.s> j& a« i^-,...n Electric Arc Furnaces 

.Lubricants pj-.v.ll jl^a - 

138 



s 



LA*9*00 4t*l1 j«#t :4»MjUl 







jj L% > 1 . ■ a A t i mt' i I i " ' '* -^ ' "^ ]■ ' ! .,i J ^ 



^-UH 



■ *■■_;- »,jl ^Vl L$fljx. 3jU jLJuaf Diamond ^J LI jl*j 

CjljjJ JlJJ-ill i^jJJI t-JJJjjil (^J 4lili->ll «JL$J 4 «~i «1~ j_£J 1J 

<Uit ^ e^lj (tun 1-7 J<mi1I) oKjtfi Ji-I-S U3i>^-" 
: lj '■« ^JJ (j^lil i|_J^>.^l 5^_4>LjJI .-.1A.-.II 

.Low Coefficient of Friction qJK'Ofl JaL^o ^LiieJl - 

. High Thermal Conductivity l£jI>»JI Jjj-o>JI ^ £L£i;i - 

. High Electrical Resistivity 4jj^£JI 2L»jLiU ^ ^LaJjl - 

Low Thermal ^jlj^l jja'ill J^Ll* S^'i ^LaieJil - 

.Expansion Coefficient 
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't'l'y JjSkjj i^jii 4juljJI CjL^uaJI 4JlA ,JS ^a (*-^pl tr^J 
OailjjJI ,jja ^jiajilJI (jit J i4J|J3 t3j a>l ill (jj/UI iIjIjjL fj—JS 

JaA>. i_lc. J_ i-lj Ljl£La *< ■■■■i'l Jl*jV ^jj II "j~ J^J 11 " 

j "r" iij (jl jl i(ji>JI (jiajl *-aj Cj^I -»■»■> <LauJVI Cj\j ikjj«JLI 

4_La i..t u ai i^LU (^ o^i>^ iSj-^' '.'JIH^ uP 3 <o»UI 

<LLo JjlsuJ "* , J a 'j ~^~^ WJJ jjij^ i ( _ 7 J^SJI Jj'^j"'^ 4__xt^Li. 
.4jjJl>JI 4jcliuaJI .-.la^.U-ll Lijj ^ «J,Vl iftseJJI 

Ljjj.l2j J j -" 3JjJl>. jlj^a i_i uuSj jl i_3jJlJLI jj-^a (_p»±! 

CjIjjj jjjcjJj j_yS I ■ ■ ■ ■ (jjS!j (jl jl J)' ■■■'»! SLl>- j ^_j ■" (_ylfi 

LftJj J I iJ^ic 3jl£ lillj JjjiWi) j.<a VI Jjj-ij ""J ^J . J^jjuafl 

jljJU ditJ U-jjxi .Fullerene ^jJj^iJI Ji-uj -ojl^ * ' ** 
L^JJ J-lojjJI (jLtojVI c.1 1->~ . ..I ^^iii ijj<i*1l Sjlij ui 3ju_^iJI 

. 4_Lu, j ilir 4 iii<iT- 1 ^yiU! 0>^' (_> <j~ 'J 0' (J^ 19 ' ^*"^lj 
Juu (j_»j^Sjl jj i^ (j^a 4-JLJI SjjioII (J-us-i |_g \ II (j—Jj^Ja^Jlj 
I^Jaj J v_»gg) «(_,ij"<inll Q^j^SJIx f ■ ■■' ■ i_ 3jju ^Lilj Oj^lj-ill 
Jajjjj iQ^j_>SL]l (j-a Sj j (jjiiji (j^a UJ^) ^ -*-»-l_$JI HSJ 3 !^ j' Lt^I 

UUj JL»JI ^ US .SJjUx ij;>>-t cjIj j iMij U^ 2 J— >-lj J^ 

'j ^'j^'N^'j; ■■■lljj^j^j Mll3j.y»l^-ll TjCt .-.^'aljill <\1 "^'a 
jj£j i J^-ljJI 4jj)jJ 4iJJil (j^j^SJI Cjlji jl (_yjft njjj^jJ^flJI L^j 
7 J^ji'ill) jJUjjIJ 1 ^sej «jJa3 k-Ixj lajj^II ^J^jZ Ijmi.IJiT. ^^ji» 
Iflio '4j»-j JZjjjSi! 1 jU^ilj*i^i»i-ilj'ill ittl'p a! ,„"j ^»i« 3 — 

■ui m"i I i((«_i)i 3-7 J^ Mill) L uiL«j>. 12 j LjjjjIjuj, L^a-j 2U 

j« ^jis ' jj i ■ "j Lai («^» 3 — / JC .*iij »jj i~ ■ -. 1 1 *j-»-i .11 
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Lfi**M| «l|4t J-«i :*|*J*1I 







0-T) 




(ii—i.nL) 'J&jju t^Uj^S 5 i .... t* a JflSLjiS i J«jtt"t * ,j » i jq «Ljj5 4 i qAI '■■"* Ja— »)jj ^j rj^" * 



(i) 



(j) f-LaJI S^SJ ,_^».jL>JI j-^Lai! I i» l^m, ^ y^l*^i "'cr^ *A>£« 



T^LlJJ jjjj (Jj^SJjJIj (jJJjJjjJJI ■ ** *."XI d <.,-.<» ,311 -»/~ ^3 , LiA Jj-i-ul (jl -ijlj 
4j^Lj (^itl 1985 aLlII j-a J !*~! '" o*** • Sju^aJI L^jLiuJajj ^*j; "^ _>i^ 

Prof Robert Jj^— £ <^>>jjj jj "fS_2>JI («-* '^iJjM' «W-»^" *' *^- i>* 

Sir Prof. Harold Kroto j— 2j^ jJjjL* j j ■ ■■« jj ■•■/'M;.' 11 »P- Curl 

Rice l >-jIj i^btj Richard E. Smalley ^L u jjl iyj jj-y^.'^j 

hj^j^SJI j>i^> qm jyjL3. fjj <_al ij£V a^L^jj ^ ^^j^aVl University 

I J-4> («uJa JLBj '(^50 ^ n'linll jjjj^SJI p ml — Lai ■ ■■ LJjiJ L« — 4jic 1 _^JX> ' 



I .-, J- I j...Ai 4 «_aL>JLi I Axil ■'■! ■ -lj itl i_j^LJo Qji (jtDl (j4Jfc Jl (jJ^-aJI 

L»l3(jl^l« Sean O'Brien jjj^j^ I (j^ij ^ ^ James Heat <*■■ jfr .i a->- 

■ 4jIqiU oljl i"*>-VI u'-*. 1 "'J-^! <_r^ *JjL*AI JJJLJ 
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i_£jl J~)J .3^jj£ 3j"^.U~ i*^-*-'j i4jiaj^t JLol 4jl£. i"iiil<* j t^xltJI . U . ..j 1 1 
^yic. LgjjJi* JlAIjj 13JUJI Ll>.jJjJS[j Jlc.1^3 JJ-""JJ cr'! >±^-" i_ijiSLII I juk 

(j^s- '<j-"j!j 4ial^.i ^_ j ~*» ■!! |_^_jj-A]I LaI^>-I (jjJi ' .'J . "^ 4jbj^_j i3.il LI 

cijL^s ^Ij ■ 1996 j»L»J »lj.a./,ll ^ Jj^i SjJiU. 4j!A!JI " J~LuVl (wL"3 
(Jjjj j^ill jj 1 n' a ji*jJ I («JL»JI SjjL>JI (jji uijjo SLfloJ "uUI (_£^£jjl Lgiejjlj 

- Li*JI cjLJjjdl (jJLU "■-! ■■■!'- j»jLt (>s (*ijJI (^j .Alfred Nobel 



■ '"■' 



. Ijuk Lxa^J (j^J ji}*^' >?^ *^-' ja '^-'J ■^■jll CjLcl^Ii. jlj i-il'al ~.~Cvl 

I jl^j uj* lm ji~i Fullerenes j^jJ^oJI ji I i* j£jj ji i_o_j_^LaJI j o« 

j^ftJS j"i 1 11 n fl\ > Jjl — "~'JU J J J '*•''' l£jL*JlM tj^i * iflU ^ 1 11I ^Jl 4 1 1 n 1 a 1 11 jfl 

^jfl.r.' <ya d_jUjus frlNjjj - . .^.l ^J^JI ^ ' Richard Buckminster Fuller 
llUj jjj i*. j;! ^^ ^ a.,1 iV,' ^1 *> ^ Geodesic Domes "mnjaa^JI ujLlSJI 
- LftJii jlLl jLii IjJ .(4 - 7 JSLAJI) J**JU ^ 3'IVU 4^3±&\ oLj^LII 
iBuckminster Fullerene ynnii^i ( jj j ^J^)i (<i^,l - Jui^j^iJI cjL^SJI ^f 

ljjLli.1 (j^v (Jj>aII jL>-t JL3J -(Jj^LII tjl i.i-r'iii'^l Jjj aJ /^ mVI I jjk (jl Juj 

■ lUjinij JjIjlL* JJju ((u-l^ (Buckyball) «J^j L £t* jl ii,^ cjI^£» 

I 'l A , |j" t J^'"J . .. X , jK'\\ ^ji KlJ^J ^^ [ Tl )) e^l M|*i^l <Ll^ Jj_U (JJJ OJjl JLi)J 

'*•■*» ■!! Jl-sc-a ( _ r £ ■<*■** jiiil njjL»jJI 'llj.'-vii 1 jLtl^JI ^^jjjtll L_lLuiJI ( j J a i_lUSj| 
ilijLsJI Tj-^ua ^c jjJlII I SAjJuuo 'OJJJ li« Jili lOVLsell J£ ^JSt ^J i^altll 
gljjj^jjlj j j'i . 11 y[j\ 4j1L jjjii ^LiLi 4j als |_$jJI JJjJI (JP* '^l> L»^J ->^(*' 
I n^'i'i'il ...V^j.-I 1 1VI1 ijl^.".!l,-il^.j^. /»jl i'-^.ljjjl^.i^'a J, -|~ 1 1 '^j-jlj' 1 « "^ ' 
. SJLalj jl d"'>lj "J^ JS>J «ljJl '_p>°J jj • "j\j JJ-5 _5-* isL*i*JI 
JUl (^A-'" t^J "■ - 1 -* 3 "' *'j-* --^' ^f- 8 ' 't c i>^' C?J^' f- - iLLA j^OjIj 
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t**e*f $ *l»ll j-»t : **t jilt 



LjISj (g 4 uL-S j»l JL-3V1 lit 



u 'la'tLj t_i_TUail J— u l_4j 
JLL4 j»j_a ^ tr^ i(Ti~i»1 Laj 




( 






) <»)_ 

J.ljt-1; ^Ut,lj JS_i^JI^_fl^J J U^:(4 - 7) JSL_jJI 



J jjl ( 7m j j f-ull ^gj l i m ll l ^jj, \ * i gl I 1 g a o i^> 



J-»c ,3J^3 > LJ-ojuo I d i i j I ■= ». 1 (jlc J or ,jjl .nj^j ^ ? ;t l. (ij)j 



(1) 



1985 j»UJI ^ iuSjpa'VI ( _ H jl J i«L>»j , 



4jjjjj3L!l jljJU (j-a dliSI iiJJj xJLoj (jic OJ^I i~m-». t Lgjlc SljJcJ.1 <l A I* V 1 1 
■ 2 Aj ■ . ■■ 1 1 j_lC 4j\jilSLJ.lj 4jjLjjsjSjIj 4-jjuj-jjiJI ,j^3ljJ»JI {yA 4jj^b 4*jLii 

4jiijjU"ll Lli^Lstil (j^a j jj£ (^ *>^J I()tj ijjJ jj VI jJLi 4J ^K L*j» 

S^jvVl ■ ■ -j ...Ij-wll 7"LjjLj 4q^aL>JI 4j£.l_u-aJI ■ -■!<» I U^H Jl*jj 5 Al',4.1 i 

(cai .Fuel Cells j^a^JI LMi. tiUj^j Sensors a\ ■■■' — 11 .S-^pSL!VI 

4jj(^jJ|j 3_. ,Utl iLi^sJI xjLu Jj^$iil <4_u^UI 4±AaJI ■~' l j" ■■■'! JMJ-J 
i_iiaJI fclU« ^ 4js_Lalll Cil S^.U'IU JjxJj ijLs L$JL> ijjj ^'Cjli ^^Ic SljJeJLI 

4jicLa ^jua i4j1L»J! «I^jJI « j i ■ •»"■ cjIS^JL lS>~ O- 5jl».Ij ■ -■^■VjOj . tl^jJU 

4jjjaj"ll jIjVI (_yk: ^jUj ...II j^al S*- r-lii] jjjs tLal.lV~i ul ' k: (jjjjJjjLII 

"j*jl Ajlln^Uj ■» J ~. * ,4j^LsjJI (^Ij^aVI J >.Li 75J.I J^lotl (^ 4 e^-LiJI 

iijj^jj. jJi) («-uL) i_aji^ill ii(2L^»JI . .1 ,-<- VI J^i^li) ^sj-ay Alzheimer 
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^j^-l AjjIjj a£jJ^ <Li3 ■-■*-■'« ^JJI <>u>JI ^ I Jl* .Lou Gehrig's (ALS) 

j^JI i_ijL*iJI k_jIij c.'ift^j iNiv .4j)5 Antioxidants 3j *£] iijljl .^^ 

jj J-»JI Neutralization ibLu» ^ Jjj (^Jl SjjlS (^ 4£, JJl oiJj L$jj^i 

^ oUj^ .(jLuJVI (<ii.i-w Ji.b Free Radicals jjLLiJI ^Li iaj^tll iSjj»Jl 

■JjLLjJI tilJj Oljjj iliLujj>J j^JI (jjjjSjVI (j^J 4j«ihL.uj 4JojIj (JJjSj (J^Li- 
lioLLJ i_i^j (j-**i L<-* '(j^>J ^Vi^ ^* (-<l1L2 ^j]\ <jjj^£JI Cjljj t£JL»-J 0^-i3 

tjVj p . ■■■»-tl (Ji.lj 4j^>JI ' IiM l~j1l ^^ 4jj1uJ| 411a iij ^|j| ( ^£. aJajaoj 

?tia ujl ^yit Jla-JJ (j^J/SLII cliljj jj^o Sjj 60 (j-^o (-illjj 3_L»-ljJl (_,_ £j 3^£ 

jujU iji *l ...*■ tlajj^j (jl »jU" ■■■"■ 3>JL»>ljJi (j|aj_j£jl Sjj (jVj tS^SJj ^»-jL>JI 

iljLaJLI j^jj^LII ^liljjj I $ialjJjl i-S^liej - Jls.Ij O^J (^ CjI jj)^>- Jl tliljj 

cLi^sLiJl olJj_pSjyi J^a p-^-^H JJulII jl jJLa J.ye."o j! I ili - j^SLj Zj&j L$j 

SjLj^iJI ."ilSj^U'tl jj a JjJjlII tijll* Jlj I a .^jj ui La ^\ iflLusVLj 

(_yjJlj i4jjjjJ! L^>.jJjX"illj idjjJIj >LiUI oVL*jo (_y9 Jjj (_jSLil^ ^ 3-^P-o-M 

"(8 .7) -. - ..".". '. -* 

4^j_aj_U 4j«il<ll Cj^ucJLI jjjo (<|V iX J_LC (_3 ^^ j ■"■ 4_uj fJJ "**,' j mim 

«LooL>JI 4j*i-»-jll <j j---il (jLa '|»_jjJI lt^-J 4 j"^m j ni«1l oljiiiill J^Li-j 

5juj Oji (■ k M'v . jjLta/J f 1 -^ Lt^ -?J i "" i J (Jj.olJJJ (j^J < - J Vl^ O^'J^ ifi "i Vi j 

. ■* 70 (jJI - 3jj 60 - (jVl <ulc ^ L«>i .L4J Sj$».jJ.I (j^j^SUI oljj jjlc. 
jLa .jjj^l ^^j^l jju^J S^ila ^1^1 ,V,<I ^1 .5jj (ll) 84 . (10) 76 
xj>.jlj «(»jj Ji (^ ^ ■ -~ ' — *»~ ^ ' 4jolt1l CjLjjjJI l^j LuJUaj 'V-<84J ^-"76-J 70 
lLLIj i^ljjij ■ t^l -V. SjLjj ^1 (jjj^£!JI Cjljj jlj^.1 ^ SjLjJI dilj t£ly (jl 

.LjjJ^SJI J 1 ii~i 1 11 1, 1 (^ flJj^aJI 3_i».jJjjijJI oldj itr>~1l l j^ 

ijliljS jl '■^■"■■■.11 (jjj^SJI 4jit3LL«j <2jjl4 l j^ j'l ■•■" ej^>JI (_^ ' 'J J* 

' ( 1 1~ I cuLloJI .'ii ^^.U'tl 4jjfcL»j ■! j* j j-"" "■" (_^oIjj>JI (Cjkl I :.U>j«*,,„lj 1(j Sj 

i_sLijSl uN^j' . •* / * "j J. 1 *'j J " ■'"■■*■ s (j ** jj \* w i'»n , u.,.jtl jSjaJj.cjIj^sJI 
i^j-^ji jj^.^ii ^LLJl jj—uijajjjJl ljL>-l3 (J ^>. . 1985 ^UJI^ Jjj^jII 
1991 jxUJI j> .4^L.LJI NEC (^ ^l 0! ^jA 1 ur*i*JI ^-M 1 ' S - Iijima 
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(12) 
L,j .cj^^j ,^JI . Carbon Nanotubes 4j»iLi]l j>i>£JI vie^ 1 4JjLi£Li 

I'l-lfra JL^a. . 3j-p» Jl 4jujVI O-Sjic JiLi- SjUJL*. »4ja»j]yS3 jjL)» .'iIa! w.'XI 
(jjc, jlj^jj < _ 7 S L^aLal^^jpioJ! i5jSlxllj4jJljjJ,i 4ja. aj} iS'i jjllil Cjl^aldJI oJ-A 
'"'^-t'J^J (*A1 I fl*"*J.' <-ii!ij at OiJ "'*"_} lSJL»Ji <j>*^ J^-jlj '" Ly'-J^- 

4_jjrsjji ■ -ijLalJI ■*■ mjl "j Cjj-usLc ^^L jj • f'Jj}' lt^*" U ■■■■"I LgSjtC. u^JI 
j_pejj| j*-i^J iJLaVI ^ J~ L>4j <^jUJI Ua-ttJjjSj j i<* (jja (_jj_jzl CiLi-ajJI J^L>- 

j<uj£JI iX)LiU J^j? tl)^ J j' ~ I iJT.'l JL3 , "j' <, JJ.'^ ~~ (_yj JljI uil jl>>V jl tjJLaJ. 

iJLa^i (_^ jjJJbjj jj ajjlSI jl Tf I SJjJju (jla «L5j_^flj I ij •»■_■] 4j aLs I a jl 

4 «Ut i ^1 mi'i^VI I j-& (Jla J-lB i Luajl .(3j."" a ^Jf. 3 a.lff'U jljllj ^jLJI Ajic 
lLUj (jisJU ^yi |>J*-I Ijl aniaj i^JLUI Ll».jJjj£j Sjjjfc ^yfl j<^ i*m1,I JSJ 4jj3 
j_ui «(Jjj_*» .i at .'.".CVl i_<ijj ijfjs djjla j j u»l Julj 4JI i_kj^lajl j-sj V'ljC ,~.ll 
(jl ^yjj ^"*l i«jjuJI LjajJj i\'i Sjjjlaljjjs])) i—jjjua j<SS i'i'iU e VJjft jja 

|"|T-_|1I (JLfcjOJ iSj-i^jjs j^C- ("*■!' 4JI jjL3 J xjj J L&uuuj I (j~ij MiL>. i^y* 'j- 1 ^ 
*(j-u2tj^>JU j« J^J^ (j 4 '■*a"" t "*'"v * j t-J 4.>.iofl-« jjLLll 'j^jm iSu fjs (~ olill 
ijS.1 pjjjsj^i I A43 t|jnm Vitl ^f 1 la <j^a Slj^l Lai 

S SuaJUri u»J>£)l i-talii 2uaU 

a] 4 1 •■ A, * * ^jrfDl 03^.^ <~tl * >si\ w a".\ ". tl <4j&juJ! (ja-_jj£jl c_i jjuI 

jLLsBl CjIj 4^%^s 4jj_ji3 l-ijjLiI (jx. 6jLi£. ( _ ;r A *(_L^ |j-a jl ...'■VI Lgitjju 

1 .4 JJ*J ^1\ 1 i^jlUOl j| xj\ (JJJ^uLSj! (_yj Juj 1*|J-V ij < I fill (_,£ 4 j-iLl-o 

(jja Sjjjjif I jV->jl-i VI La uj (l) (_j^ (5 — 7) (_)$[ ilJI ^j^o^jj -j "1 ojjL) 

rfu ■■■Ij* .j^m.i I j ■ '— - ■ (j^ojjiJI otjj ^uljJu I jj" (_jjJI_j »<- ijiUVI iiJ 13 

' J 'j ' » q->«) (_jjJI <U-«-<bl •■"tl ilajtjjjl ^jiiiiij tfjji |jr £ 4iiliala ' JL? 

,_p3j-tj4 •ijZ-' ^Ij^J (.H'l — L '_9 .Ojflljjjl JLa i^jj-VI ^jj^SLII jlj — a ^ 

^LaL>. LojjejJ JJ ■■■/"j;;^ 4jiljX.jj^£ Sjjj^ (i_j) (^ (5 - 7) JS uJI 

jlij (_,jjl (jjjjSJ! 4jjjj J( 4_tflji>JI (jjiJjLfljcJJ I flj| U/i ^j .. jt L». Jajoj LgjS 

4jl*». jl9 jlS^ ij-uSIUI aiSjLa SjLaLlII djjj^pSLIVI uL)I_ijSL u j j >£LJ.I r,-+~ ^^j 

Cjij^ Jajljjj ' a-& >A JjjJI Cj!j-9jJJLI J^>-\ (J!^!-*- >4j1c ^yajj-il 4 ■■■■^■i 

. 4jj_jjLLI| jjjj^Sjl dj^j-il (JjSjJ 5.l"ia a ajjjlo (J^u^Luj ^^3 (jjjjSJ! 
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>ib|l l^jljiH 




4U£lj^£J£d fljj i^> (k_j) ^^3 jJS—uJI ^^IJj .<U$jJV1 jJ£-<-£ t d— jJ Li ^ ^ 111 1 ^ i J-t -» t 



(1) 



1991 /»U1I<^ 4-"" w '" ijjJLUI j^SLII aj^jjV LJI^I J^. 



'"•■*-* ' j~ ■ ' * ^r* j *" J ' ^ ■ -^"- q J i£- ' j * ' '*•* * (ji *3* t (-i uij ' k> ^ J- j' 

NEC 4£>_ij i±^>.LJI ^a._j . I jJ .<^j^p£Liyi 5^>.Vlj i_, lJ^>JI 4^.1 ;•<-, 
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•* . .. ->. ij LajjjJa3 (J_JJ» 4j!I3ejJ I 4HJq Jul i_iiS i^ij-v iJjj (j > ; 1 1 4 "'j ' 
jj^jlj 4_tfflLsfcj ~ -~ ■ 1 1 J-«aJI l3iJ^ (j^-' 0' ^-^ <-^J Jj • ' J'^ 1 ' "J ^jj"'^ 

ijpl jjl L^jJoLifi jl Uftf ^ jjuj V jSL—ill 5/iljU ...! 4j^jLj oLw u> *_« 

i'II" ■ * ■"■ a 1 j^j IaLjAa * ■j'I'* L^jlij '.'j ■■■jjVjil *'■-*-■ cjj^j .^Laj-iLJ 1 .4 

(JjjjSJI dljj (jja lJVVI iIjLIs (j o iiljjll S Jjj^J! IgKIjA 4jjjj oLsj l^>JI 

1 I 1J— ll 1>LlJjI ,.*ilj ~,nj.l;tl jj^j CjLLa fl ' C (Jl LJIjJol 'I ' JU»\j l4__lojJjJLI 

^ «--»» Ol_L> Ua i>*J *l?^ l — 'Wj^ O-* 4j»L»I L» (j'a-* 1 *^ l>^ 4Zl3e->j a~,Aaj*. . ,,1'a 
i4"*r if* Qja <JLilj-aa dslj-a JMoJI Jjli jI La-tajl <Li£. y- »«*"i_i («J (_£ JJI ><— 31 iViSVI 

3 a t V< .,,11 j^,'-.-»~U cLdJ^ls ^'"'V ^jjkVI i*il ij»ll i-.lj .'../* j . , %. -»*, i »l^ '— ■^-* l - 
4J^o i"ilt-w (jjJI 4j^-3ejJI 4-»- inj tf JLaL-u La 3 Jl ^ 3 '*"ij"'I lS JJI 'cr^^' 4 m«1I (_yi 

. JjLlJI LcVjJj i\"tj Al£. JLstja Jj (jj^ in til ij>i!l sLaIc _^4-"l 
(3 j * **-" ij^- «U«jjjJ.I Lyj* Lajlxj 43jl ir-il,l Jjk : CjVjLuij 3.1c. r>kl o ' ^* J i'j 
j~^* ",_,'.:'" '*■■*-"« S'^ij'.j.tl.tll'lj lajtlM aS^j ,,„1IjjA ^aUJI jL>Jal Ijjb 
CjL4_u-iL>. LaLj! Ij """ ,j .r.Vi, /U" 1^ ^J^Sj", . ,^j . ..^jlC^j aSI ^j^.jl j j/* j ^ I 
tJ^jC.ALalt-djajLi^aJlL-1-ulJVItf'l Ar.il^LajJ^n - gjJ ; J t j^ajS4 n«ll L^jOj_^1j4jj^c. 
. f\ jj ^1 1" il fj" i «i~tfaJ L^JSJ.1 1 j ae _■) J ; a (j^j > I -' '^jij* ■^■^-i'* 

( jjiaJ iljjjlII ^1».LjJI ( j J a (^^"jj 1 t j L| "J I lt^^ 1 ' (j^\ ^* f^^Jlj 'l)- 5 ! 

f fc> » - ' a i4SjLuall JoaS jj a La Sj^lia >io.LJI i_i t'n'Kt (j\ I iilUa jL*JI (Jjs 

j^jl JLvl ?jj^ i'iII <G».LaJj (JJJJJ (Jj-!j - J^till I Juk ( _ ? l£. i~»<i i CjLsl uuS VI 

ijjjk LU jil^jj ij\ il L* J>±ill jj£. j^Vl (jSJ - I j A (_j£ illjjl ril «-i]l 

4 i/i< (J_jSj LsjjJj • I 'ai'iIj I "u-^\l a (jjijj "iJ jjl (JJJ (j-^ «4— 3^1 i^i l,l)i 

i *•!-»■ LJI J t"l I il j I n J*? 7T l>IJJ j^jjjl 5_U>JI 4J!uVI (JJ3 (JJJ^-II l_>jjIJI s_sl JuSil 

■ 43.il i^i 1,1 o_L4 f J^J '.'."" JihP Lr^ '■. ' ' ""'^^' 4joIc JS jt mj < ftjSj k>I_^J L« 
, d . rt U ', rt «LicLul /c^jI^jvjj OjIS La3 ■"■■*■ J I 4jajjJ3j I ij"- l] sJjl3 I ojuja LaLajj 
(_yi (j-titll ,U...jtl Jjj>- L» j^j i4j miLui^I i»^l*JI j^jlj i_h^"I t^\ J^ 1 "^ 

.^ji y^kJi ji^.vi Ia^j i^ju^.j ^imi am ji i; ? ,oU n j^i (JUi 
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: i j'j t ^o iJj^Jo ~>JL£. 4ja^_ul &j 4jojLijl (jajiSJI t_ojbl j i ^ 1 *-' 

(^iJI S^iaJI (_, aj .Arc Discharger w ...j~.tl i..^^! 3 SjjJo - 

.i_*jjliVl villa] (^Jja) 4*i ijr j_..' " ^ I <ij-»-jj lfl«i'^-" ■■■! 

. Chemical Vapor Deposition (CVD) 4ajU«j< II Sjie-iVl <..jnip 4i,io - 
. Laser Ablation j»>jUI 3jui! 3 In i .il^j SjjJoJI - 

. 4jtaj^ja 1 Ajl. ...1 i-.nj La ( _ 7 ~JI <4jjjlUI i~jLx~iill tfjufc (j^a 4_tiL«JI 

l j^aj iSjLa-^aJI Aj^JVI I <ji« l_fljLJJ j^lll jjljJLwJI JJl£. ^J I t^a-jj 

ljuI : Lo-ifc (j 1 ~" a (^J 4jcj_Lll 4j^jLLII (jj £>^-J' '■. 'J. 1 "' '-' , J * ' **•"' 



t_.jjljfj Single-walled Nanotubes (SWNT) ^Ijj-^JI 4_jjLw! 
. Multi- walled Nanotubes (MWNT) (jIjjl^JI Sjj»*» 

ajjL*.! ^aJ^£Lll 4jjjJV LUjUVi U-uij (!) ^ (5 - 7) J£ jjl Jt-uojJ 

■ J<*.tl dJJi Ijlo. LL»b I jlj .i.MjljVl jjo Sjj.^. j*<Vl c-jjjl ^yAj i( jljjL»JI 
4_jJjJo uLLlo Ljjl ^^li. ' J J"*""' Q> 1J 4jJ^jJI i MjLJVI LiiJj (jl ■»' " ...1 l^jjj, 
(jr djuaij LalSjJo LT 4JJJ >4"<i ma ■ -il'iljU ...I aUxA 1 _ T ic 3«j*l« h'ij^I^jlIi j^a 

.Buckytube <^SLi i^LM («uJ < LjLo*! Igjlr jlU. ^ jjj l(j sli ol^S (>a 3^ 

Jj^aj '*'j-»- i4jLil! 3j__uS ' .'J. 1 ' *''*'' *-JlA j U*j J^^ 4JV **.' '"' (1)1 '*'J~*J 

^<fcj One-dimensional Structure ^ ~« ,i -Jj .i«n l-jjUVI a .la ( j_c 

.jj^ajlj <_ilf 50 (jjj Jir»j1 JlIxu ai) ,_£JJI .J^LJI 

ijtjjjjl 5ji)i"< t_ujlJVl 

"UjjLiJI i-ujuVI jjjo 4ja^ijV I jt»^t»J»~i I ^ , ,,j f« (» o — / ^ ^J< ,~.tl «_ilsjj 
jjljJL»JI 4jjL>.l t_jjjLil (j^a 4ii.l JUx 4x.jo'r a (jja 4^J^JLI njljJL>JI SjJuuJLI 
i M~-^.~j . C( (t _ji) O — / J JL*.)j^S_^a a kiJ^j uj I j'^l ^ A 1*^. ^ jlUal L^J 
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(jljji^JI 4j.aU.li. MiUVt ^ ajjJiJ ^ i_4^jjl Ijla 4_iii jLLa^tj Jlj— lol 

( 2jC LsLtu ' M'Vi !_^il\ L^alji (_yfl JL9JI 4*gjjaj J JJJ LsjO LjLu UsMji-! 

.(jljJusJI 4jjL».| <_4jjljVl L^l^i- 




a J. It"!, I t ij tPVi fjjt <4>fj! Jt mi JU9JJ w L j U; -" |«_ uy (!) :(6 - 7) J< miTI 



(1) 



(tj) ,_,* jtkbj»» >* L»S '>S^1I 



4ji±j| L^l^L*. j>o I i a 1 a j ^,—J III » AjJaj^jJ I 43.1 uJLl liilj Ijjjisf LsJuu 

iAjj£L!i ^fjLill ,Jr I ■ ""'J (ji fl " *' U (j^» <4jjjLiJl (jjj^Sjl ' -UjU J 4jjjSjjJI 
oLa-naJI (_, 3 (((j utaJU CjIjLoI 4jjiLa jj c iiillj ^yS (J__pJI ^ 4 xj>j 

i-ijj-*. (j^illj i4jjjLi!l 1 MilJal <_iiij L^j »"i <i") j_yl!l (j^sljjJI ^is «,JL«SLII)ij 

S/aJL*JI pLaj ■ a I" ^- * (jjo ■ - ■ » I j i_aVT ilxju (jjs ^£1 « I j'^i 1 "" (jjl 

(13) 
L^y'iaVi^jlJI (Tensile Strength « juUI 4^jl^jl3<^>>^fLajjVijl£ 

1 L^jLuaj^aitj I alia: 1 j 4jjaJjJI JaLuijVI tiLljl m Iv (jj^pil «_Lsl ii. ijujal liit 
(jjj^Sjl i_ujiJ2 .1 nil! "LajLiLa jljLaAjj^jaj aj JL3j . c lj - ■■ Jus. t _ y l^- 4jf 1 i,^»Uj 
4 oj^ 1 rt«i<-i 1 UU mJjLluJ l$J1 -A3.JJ '4jj jJI SjiJI 1— jjS 1 nj^S j a 4U»...lj ■ 4jjjjUJ! 
1 L^Jljjl ioi. ^ a£.jJI (jic liiljjJjuUI oljl^a-V 1 ilmll plyl L;r ua5l Sjjjlia 
.1 1I10H 4Jilj£ 4_«u£ 7 (J^Jlui (_yJI L^ili^ tjJJ^J ti*j;«. 
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f-^j^aji l j ii n u}\ NASA L-uL> 4JK3 J « «"i (jl i_<jjjlII (Jjo jjSlj aJj 
\j£j m ia ZU (Jl ^jj -v ' ' j ji""* ULLc D\) 4jii ' )"' '" .AJtcio ^Irtj ?c_alj^j 
^^ 4jojLill (j^j^Sjl (-ij)Ljl ->! t^~ .-I 4jjl£Lal |_JJba 4 uiljj ' a 'j' . Lusej 

3jjl2 j^3 .Space Elevators 4_JiLia .irl.^l 4j$S Cables o}L)l£ j-i^a 

Laij tiiljj i ( _ y iwjLiJl f I ■ >»*!! CjL^jbaj 4-^uajVI '"■■ t»^.t I jj^j JajjJI !*■ 

(jja 3_^ji.VI 4l».jJ,l ^Jj-Sj jj^iilj .(/ — 7) JSLuJL x-usoll ^Ij-r'tl ajj^JJ 
(j^j^Sjl i. ijiul (j-a Cj^uIS * j '■ ■ -»"' 3^£Ls jjl (_yi 4 j i n yA I ^j PjU '"'^ 

iijj (_£ JJI ii <VI^1I <^Uj j.!""**' ^=ej 'j j ^-11 jlj -~ ...I 4jaj^i , d ',< ^ ^ j 4^jLa 
SjlLI (jl iaA^j^Sj (^ Ijtt i>>jl oSa ■ jVjJ CjljLiLa It) ^jtj 4j^jiU 4'riiK'i 
.LoLc. 15 ,_yi£. Jj)j Vf .aj"_. .^M.XAll jtmll liilj 'ijA-.-.tdijIUtl JuLajJI 
(jjiijj Oj^j-I J3 iijLu 4 uiljj liilJLJ LLoLflf L»£ talc 300 (jj« Vju lilljj 

. jLLaiVl AjjiLi .4-^jj^SLJI i^jjjIjVI i_al_i^l Jj5 (jSLJ h-sjl^JI 
«.« 1 .jiLjVI *Jla Hardness Sj^L^s i*^ jljuLa ^jLuj (j* ^-ji\ u^-3 

4Jj-a 4jjjUJI (jjj^SLlI L-jjjLjl (jla - (jl in'i^U ijijjJLa ajLa jli<->l - (j^UI 

ljIcV c^c^c L» I j} ^tuSLIIj gjiVitl jui <L3jLa <LsjLla ^joj cu> .Elastic 
,_yLi liilj ^ 52jrt"ia .Bending Stresses cListJVIj ^^1 cjIjL^-I ^ p A 
<LajLi>a 4jmS J^ijj .43^^11 Elastic Materials 4_jjil jl^JU oils » ji-^ 
Elasticity 4^11 tills o>a« » «j ■ «l..uf a ,„„^ ^ti> f Li*^U i_,|, n ll 

I J 1^ ■* SjLtj ul (jii. 4jjLfl JjaS .(j^J^JI l_^jLJI L4J >n 1 n"n (^1 .4jJLl1I 

^jjj ,jjjt ^juj (jl ^jjj oiJjj .1^ jiijj j^ iijbL^vl (_gi Jljj juu u «jjUI I 

. 4jJLl!I AjJa^AJ u^jjjlII L^UaJLl (j» 4jlLl3 L^JLSj . ■--' *^" tfjjlo jl 
i_uulj1 L^i » "1 nV) ^pJI tfJU^-iJI 4_SLJKjII (_^3l^iJI liiti ^Jl 3 al.uVl.j 
4jju^ill (_^olj__>Jl (jja f«i -ir i>» jjulj « "1 «i"~i Luajl (_, (j4 .4_li^jUJI (j_j__i_^£jl 
Jl>-I .4jj^JI iAusjII ^,1^ i-ijilj^l dilj 3jJ^ (jjtjj .Sjj^ill 4jjL*jSLI1j 
4 «ij4 (j£. I^'lj^ (_yJ3 1 *r- 1 ,U" i-ij-v , L^j » * ■>" j^jill 4jju^xoJI (_^al^i»JI j«jbl 

3ji^4«JLI ^jc. L^jjJ^ .tiJJj (jjj ■ ^.utj . ' Sjjs 1000 ^tli (jj-Lrtill j lis 

(^1 u^j (^JJI .Thermal Conductivity i£>l>»JI Ji^^iJI ^ic 3jL» ^L 

(181 
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tl«t»tt.K*i : **JUI 




3JUaS ak£ 



^Ui 






s<jj-JL*£j-« t j-« i j^SL* '- 1 1 a **' I *■ *~ * T±$*ii {j\+i ^*a\^*&\ aj 



."aJ:(7-7)js;,7iTi 

^3 dJj^uXI 4j£JLUl j^j^SLJI i i i iljt ^yj ~ Ae * y -~ * Lj^UlS J g ■-*' ^jisjjj 4-j ''* -^ ;>tt 

jjlc iUiiySfl ■'■"--" (j-JI Joj igtl j"i iJUa-jLiJi ■'■" " ^Jt 4_J »j«.-»»lj -< >-!-- 

Jjj& ^4 l^j l n"t1 ^jr-t ti *-«* 15 n^jX^ ^j-a 4j J n *i ft eji • ^ * * ) .(j^»jVI > i S jS ~ *-- - 



^nfij't'j 3 ji->»ti ,~.i^j ,t»~n 

iitml J*3 i4j<il«ll LjLjjjJ! Jjj"'^' cr^ Sjjjiiiii <LuaJjJI lijLxjsl jj» CjLjjs 
,.-il ^j ,U",tl cjjt u 'rt* i \ I . ^^.I « yiijx.1 ,jl Ca jlj -V^J . 4jjjLUI jljj.1 jj— a 
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Energy Storage JLaliaN ,>j>»o o 
.Fuel Cells jjjbyl Lj}U* 2<r\:.~ - 
.Solar Storage ^... v -.ii i^LLJI ijjjitj - 

Hydrogen Storage cr =mj tj^ll (j—j^JeiJ 2u^jt 4__cLLuo - 

. Containers 
.Lithium Batteries -jj^ 1 ' 1 oLjUoj kliia - 

Flprtrrtrhpmiral5.,.,l|j^la2 AL^ Xj^jClL-.lA-Xtia^l: 

. Supercapacitors 

Electronics GLajy^O Yi o 

.Field Emitting Devices _>^tl ^LtuVI 2j^*f - 

.Transistors cjIjjI^^jIj^JI - 

.Nanoprobes and Sensors .-.I. ..I — tlj Sj^LJI ,-. l,„ r t l - 

.Chemical Sensors S/tlji/CII ■■■'■■■' — " - 

, Flat Panel Display Screens a~u...ti ^jjlII oLiLi - 

Microelectro 4± j 1aj j &A\ a j<mKjUj IluLij^II filv.ll Sj—^xl - 

.Mechanical Systems (MEMS) 

: I4-UJ (jja 'l?J^' ^J^L^a SjLC (^ 4jjjLiJI (j^j^LII cjjjLjI i_iliyjj I JlA 

.Composite Reinforcements iiSTI^ill jljll ^j^sjj ^j - 

.Water Filters «LJ,1 4j25 (obe-i^) ^its ka\^a - 

e\A\ <A>Z oljUc ^ 2U,iVmiU Membranes s ; aaVi a^L^a - 

.Water Desalinations 
. Waste Recycling oLili«J.I >^jjj - 
.Drug Delivery (^UaJVI p,„y Jib ^1) tljjJI Jjj-sjj - 
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8 



\ ** 



i£>£»i ubjjltt 3JLUI 



,-,A ,".',CI j^ylll t 4jjjLiJI i ilj -j jj_jjjill ft?.; 

IjJ^ LdJjj .5>oi^l 45>liJI jjidl J^U || 

L pJ| ^gjmiitl 3 j^-jJ^JSLSJI 4jjj-*V| ,_, II 

. jlall l£JJj l /il"'i" 
(jjl^i. a^l" <ii La 't-ift'"i I JLft (_L* • l jSLIj 

l( «d«J USLjj t{$j\ — all ^J—j)^ . V j__iIaJL 

((CjujjLil!)) ijj> <_ ilj-i'in'lj cjlj Mttll i_l!Lla 

Iginii'i 3j~a1l J!>Li. <*ift iVi^I ( _ 7 oJl »JU^itSl 

4j^LUI Q>J_>£JI JJJ-a i-al i^V iiSkll 

" ^ 5 ..;.[,! ,4_ajli.-»ll jl,. 

i^iLcljuVI » jIjj O Ilj Laj .4 ajLfliLI ^,n ,^l j»i IjI* 3j^_tLfl 

j - - . i - - >i Sj-jJa < inlr CjUI .Vi*?! , Jl 

' -j'j JLSj . "I JJ9JJ *J "I ^JJ) ■ <*» I tfJUjLSvll ^ 

liJlill i_jLJI <_jLLc^T ^Jj Wj> J2HJ jl JjS l^J>xi 
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L^jLiuaj ,3ju^i!l "ujjLiJI jl^ll _jjo I irn I i—jUSJI ^jjo J miill I JlA C)Ljnii>-> 
S . "j 1 1 j 3jJL>JI '5 ^ jl I I j"t ^.t i~~ . .,lj ~j\.i it'll 

ijjjUJI 4-iJ)iMI LJlJ-i>J,l • 
Jajjjl njjill 1 j A 4jl Jlj .iLLa 4 i! i(»J_>£LJI ^£jL~JI (j_ C i_alitj ,_pj J 

La-jJj ;<~u I Luj UaLjjl Photocatalysis Lr - jj.MI j_i>JI ~ it — * 

SJijjjJ.1 ~j*s~ ill i"jl >-j^tll Q-a JJlC. J^Ll/j <Lic ^ "j ^gjill >oVl ij Jlill 

(jilj ,^JIj .Nano Photocatalysts 5 j^>l_Lll 3 /jj.^11 cjlj-i>Jtl ^ u Li 

■ Multifunctional Materials .-.lSj_.U-.tlj oLaljiie" u,VI 3jjl»"J.I jljll 

jljll liilj e-ljlj J-**-) SUj'j II ^jin'illj Sjiiitl ■-.! — IU.^.11 ^yiju e s u -ri'n\ 
. ej^iiil jK^isI (_>\j S-Ijl_l~-« . * ■ I j j • -"j <ajLu tliLolS . 5 /. i "-, 1 1 "u^jLiJI 

Sun Blocker ix».L»JI 3j_iJI oULajj oLa^^S ^ « t ■•■_' i«J Li* (>*3 

SSjLiaJI L^jl^jjLJ (_>a 4jl~)jl! unit ilill (jja iLajLSJI ^J7" ■ "SMI Ji^ii 4jui}U 
.-.1 -»". *U _j_4 j j i\ 1 4 . i-»L>JI £ljjl>*Jij 4jI£.jJ1 J -*N 1 ^ ajLLj iqJ LLo (j— *° 
(_>>» iflJ^j iiJaj SlUill Sjl^l ill »Ja „,VI i"jli idjLs-MiJI Jij» Sjj^SLII 

Anti-bacterial L^r^U oljl .ia^jAxJ ^l SuSjiMI olj^i^Jll llLJj 

SL^ii-lju jl mi'i'iVI (>a U^«il, Anti-fungicidal .-.ijjUstij 

~jjj-« • ■"*.;_ "' 3j^>-1 ^fllaj f\£. >j\L3~ tAojjl t a! ... .j « ^ . .. t La U_uSj 
i_3_>ill ^at-i <LaJLtJI Ijj'i^ ill (jjs (j^aiajJI (_yi£- SjjLS i4^oL>> <Ujljjfc ^j^Loj 
. I^al .', " ...I j^ic jLtjjVI <> ...-»- j .^~i (_jjJI ^ *^» ill ^IjjlII (__v« 4*.jS~j a Slit I 

i^i Ij ri-il I . SUj~ ill 3j\^>-VI _j a U^jj^ 3'j "■ *' Cr^ illIJi^ JlaI uijj 

jjj cLuajiiejj t| Jjl ioll J i>1jJI ^^Ij^JI . U . . ,j 1 1 ^ _, S ;~, t SjjjUI 4__jjjj^aJI 

Sjj^JI l^J tfU« ^p!iia >aljj ^l*- (jJN jla . Deodorizing i^jjiUI j^IjjJI 

(__,]] icZjujIIIj ^_JIjjlII i^jja Jjjil (Ji'lj i— J_> i*i II jLi-a d _i * il j <J j <i m'l ^, lr 
. L4-1 J^-JJ J^ L7^ ^Jj-IaiJlj <bj j"iS j 1 1 ljJIjjlII j_^a I j.^jl-»" i— jjLv 
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SlUta 4j>-L>.j r-lj__ll aLiV* ujI -nni i3jL«jl1Ij (jjL±i,l plli* jj_ aj 

. r **> ! t l < ill i**tl < i-x. l *^ i4_u a * a 1 1 * *J | >^>J» 1 t*JLj-i-u^ /'v° 44' fl '"* 4 fl * ft 5 ^ ^ ' " ' 
"jj ■ ~ ■ --l Vl lillj ~L3LtaJ (jit olJ-i>J.I liUj JaiUo Oj> iLajjLa Ijjsl 

J£ . Self-cleaning <jjl JJI < ^fc>~ti »IU,^,,_, jVI <-a>«j L» j < ■ u " $a 

.iJLLtJI JI^Vl J^(_^ j-^lj J£ ij (J^\ jJs\±ut .L&^itj oLyiUl «Ju* 

4jjL*jjjj/VI L^jjJlSj <tfljjjjj,l i4jj^_*JI 1 '", " U ". ^ ^Ij ^1 ^3 ^ — ■^Vl !Jr it_a. 

■ ~il->-"ia L«-lu/Vj ' 4 a ' a" 1 ,1 ^-^ jljX'tl ■"■l-~"'-H 4-aJe-uaJ I 4 jV" j" - ■■ ' I j 
j ua-J I j » «i ..ill *(_La 1 ~ r T- j in I (jjJl jjlLII Lta-jj j i\*i 

*-j .M". .". tl t . ...Ci (jjlj ■"'* 1 ■ ■-*- • 

i.ljti jL£t (jJJ Ti02 j»^aJljJjJI Jli ui^l (_yjlj 3->L«j <cJL»J) ifljjja f->-_p 

pi 1 i^ll jljja 4tl ii<-> (_yi - 1 ; -". ■ .."■ <L*tl_lJ! 4 ~j-».l ma CjJIj Luj C^Jl£ i"m*- 
"ljIx)J| "j'.All oJ £ J^L>- SjUI jut aI Jiit" uil <_>Lj u<i f->-_pJ • c-Mlxllj 

(jLjiJ^U 4<n.l in SjLo L4JI (jit sjiit ijjjLmjSLJI LjjLjJJ igifiVjJ SJjjJaJI 

4Jpa <Ti0 2 SjU (jJLJI w M_, n Xtl oLiJt ljufc {y> («tjJI u ltj -Smllj 

, a j -» ...<;. 1 1 ,J_j£ ^» uijfl (Jjja ■ r j L<aj| j ^1 ■ ■ -"" (jja jJbuaJL Lgolajju J it 

5j,—l ^-tl |<U~ c<-ijt JiSj , U ~^\l aj j j ,< J< ju (jjLlaj^J! 4I9I lij jIjjj 

iLlJa ^ «Flaking j iij» ■k-ji jj? »- '*J ^ 80 ^aj JLU 3jjLajSLII 

(jlJI / ^ (j..^ ATI "jl^V I^.XjjCI jLlt tiiljj .Ti0 2 (jL*^ <UlLJll Ja^ljj»JI 
.T1O2 SjLa I j*-- j-uaj (Ji-J" (jjJI 4 mi<i"iVI (jljJl (jS Lhi*^ I ■>•».' I ' . ■ ." ■"» 

JaLuijJI j«jj*Lj i_Sjju (j~-II S^jfcUiJ! *JJb (jLuj f j" 1 ■ "'j ' (oJLjlJI (j3 4j«iIi1I 

3,u : a-,.,.ii ^| ^IjjJl tiUi ^ili, i-j^Jii .'•■j^. .Photoactivity (jSj.?-!! 

^yal 1^*1 a VI (jit 4jJLt SjjA L4] SjLa l^JL) iTi0 2 C A ijii*- L^i '"■-■'-''- (jil! 
(jj» Cjljj JlIjj (jJI i^jJj Ijl&j » 4 j -t 1 11 ii i 1 1 1 3j^ (jnfl "ill 4j-JiU - j Mi~tlj 

3«- I ,->",tln 1 . . , .. fr Lo.lt 1 1 Ijt OSj ..-il mi-wII liit pja u, ,jit <j^» ui^VI 

(jJI ..-.ljj ; -wtl cillj (jja ioJ^i' ^jLiLajJIj oUimll LgjjLjj (jjJI «4j > 4L!aJI 
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yi Jaii ^jj 1 ^""- <^ ^ Sji^LjJI ojlaj .«Photobleaching u — jjirill 

■ ^I'-^-l (jjj t( _£^i.! 4jjjLj Ij.mL^I ( _ 7 d tfjj^jya LjJSL! i4jo-iLiJI T1O2 '"'I Jj.' - *- 

. ZnO lilJjJI , >j 1 .I*)! JLs . I^jjlAj L^jIjlIa 

(ji (^1 4jj|H V^i "<Vlj 3^X11 ^£. 4jI jJI ^ '«, iio^ot <j\ O.l -vj 

ixJu V I j ■ '— j »"■ jjc 1 < tj 1 ■ ■■ 1 1 I j_fc T1O2 ."jj'^'j*^ ' ; • '"'^.'J.'"" ' ' ^ • ■■"' 

**j~ ■ ■■*'■" ,J^ii jjno nil! **» ■"■! Jjja (j\Jua f^^juo j.l i«ia (j^a 4 fljl^ 



1-i.i'nj^. La l M^.*' ll J l 'J.:' l ''jr' l jLJJ c .: l :" tl J""" 5 .:^^ 1 Semiconductors 
tdlj iijlj JJ Valance Band ^jLiJI jaliJI JjLLL ^ kj^\ji\ L^Uj^pSLIJ 

Photon diljajjjjl 4^LLa (_, n 1 n" tiojy^b 4^lla - ^jJJjus j» ifia ^J ol^Jll 

^ ji>*i "VI j *LaJI (ji^- « LkJ>«j))j L^jjIjI t^- ^^ J * j y ~ energy 

CjIj j » iTij . 4SLUJI i'IT) L$jI lj^V i*j^ till jj iSjjJI ^ jllnill Ij ft 

1 j*. , . ..<! j l 2j3 I j ■■■■J'' 4jioJl£[jil 1T1O2 (Ji^a i4j^JLiJI 4ajj<^1l vljIj^aJU 

iCj^Li^sjJ,! *Lj ii/l jjja jljJLI (_^3i^>. Ijt>- *j j* """ 4J3JL1JI i)jLtjl jjjljjLoa 

I j" 1 .; * u 3 3>^ '4jJLc 3 alio CjUjjjSLIVI aj ft i_il uu£l JlI^j 

4-yal uil< - jj ■— ""■ L^jLfl i3j jJI Sljjj Ljiaj^j (_, III 25LUJI 2 ^^.a j| j Sja 

(Jji<*ijaJl ^ *-*' f •"'■ i_Sjju ^i- 1 <jLLu (_j— Ij t _ y 2j^JJ > I ftjljua (_, l£. 

(o_"Li i_3jju iS^ts JjVl (jLUjJI (^c <djuaij ^JJI .Conduction Band 
Sj^-L^LI oLJjjj^)" Ol 'Lij* J>^l ii^>iLi.j .Band Gap jLLill 3^ta 

4jJLc 4SU0 i_< ■ ,r<<"i i^iliaJI jUaJ ^ ajil^JI 4o»-jL>JI L^iljl Jua (j « 

J^liJI <_^LLJ (jjj >JajljJI j-r 11 '' oi^ 3 .Band-gap Energy w i - ■■" 
^JT^ JJ-f^- iIh* < *^?"j'-*^' <^>— ij^jSLJil (jS «i" L^j (j^lj 'J jju3£jJIj 

jjLij I nij-w L4JL9 i<jJLu oLise 1I1 (_L**o 3j jJL) oLijjjilVI jj (±jj»-j 

Lgjljj jjja 4£jIj i^iLlse uJI tiilj lj» - (Jiwx" iJ—^ISjJI 3^*.' ^ j»alj/» 
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olJj^iSLIVI iiilj - -i ' a ~ La (jlx.j__ii (j^Jj .cjlia iiJI ix>-_jjs oLcij^ 

.-.I •.— r..\ 4la|_>J| Cjlc-lj-ill) Sjl ,->VI I j»alj /■ jjej iCjLise iSJI «UJI u> 

ftjoi oLJj5jjL> 4jju ^jLjj jISj V I (j iS tj . Lgllooj L_^jJJ >j *" a f4jj*-jj8 

3j^L Ji-lj 4jjlj 3£^>. <_, 3 iZjLjjjjSLIVI (JjSj I j£L*J .(Jjj^jjJI Jjl J*j 

<2^J t < _ y Jjg < CII jLuJI _>J <-«f .lg-»JI liljj (JjjLji! (jrlcj iCjLjje uJI 4^>.JJS 

. I . '»Uj ( itLmJI — ^ j U 5 1 1 

Jtla^SU (jjloll i rtiWTi'Tt • 

^JLa-L (J-aX. (3i>^ ijjj *■! i^UI (jj-^' *— ^ J 'J* "^ 4jL$J (Jji3 

djlr- 1*« (_£Jua (j— a ij S —• "■ II i_ajLgj ^ ifl* 4j^j><j 4__uuLjJI CjI «jsL»Ji 

** *n l^xmJI CjLioUu a_iljj i-r^* '"Ma^lj " 'J '"^- iV* a^aJLLI X1O2 '~'' ^ *'~ 

<_^illj ijjtjlj 5 — ^.ao (jJ^-ill iSj^*-^ J — ^J • jljil fia ■-" (ji^- £y» 

I fl^ 1 • -■ i-b tf 4jjj^lC 3jL«) lZIjj-lllm^ I ^j a 1— (j^s 4-aulo ■"■■ ■ -j I j/ a 

<»liij . T1O2 SjLa (j_s 4jjL>-l SjjIj «Jq ui (3_j3 liUjj i^ILoaJlJ 2 JJe-i 

^J| . < I jj j". . .. V I ^4> ( j^a CjIjjJ^sJI JJX s_il I II ■> y *iilj Jl*j Jjjj^aJi 

«_jjJLI j~ 4jli ■ nil (j! Ijjl>>j jl3j , Ti02 SjLX *»_■-- 1-» ■ ull 2->, I ...il ^ U i* 

.i^Ij^jj i^VI (j^M^- (>a *l£>*- 10 .J 3 " *jk».' Ti02 Q a JL^-I^JI 

CJUjj_jjaJ 4j ■ -j "■ II d^j .'-..tl <i JiLlI ojuk (J^sj^jlIj liUi JukJ Ij^sl^ «j 

ill! jj '^l9b 1 mii ill 3j^ ^-* "*^" JlJjI] j ' uajo [^c 3jjLi*3 3 JJjjia 

^1 1 (jl (jjjjttl lL^>-V ■ <4 j i a j 3jJi3 JS Juljj 4-allifc-a <4xLsj CjljiaJ 

A ' *±J *"' ^ ** '^* •^*'*»l I 4jjjjjJ! 3jJLl 3^Ljj «_<s Lxaejj, '' jj^asLljj ^ ^.t—tt 

J • '-^^J *"' -i^J I oLa-i tLaxlaJ I O. u^u (jl ^^1 i4_jjjj^aJI Cj^_i^3jjjU 

lLLIj (j-a (jjoa-LJI ~-"~" ■■■! Jl^j .4 3_j!sj 20 3jJL ^ jj 1 ia 1 1 j ' • -- 1 1 1 

3jLa JjI-h* ^yic- (Ti02) ajoJIIj^JI JU ou^f (jt^^ 2jLa 3jJ^ . \jj -r~ 1 1 

jLsu ^1 L^Jjjj^j 7t U...TI ( _ 7 l£. 3.J ...j't I jSjjjiajJ! lLL^j'iiii^I > j>»" ■»■ 

.(j^jj£LII U 1 uS l tjjljj *La 
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j^-iJj jJj^iJJ i_jjL>u 4J ml hi (jja La^Lj Lsj i 4jj Vi 1 1 ajufc Ojlfil J^J 

OJ^i ■*•■;-- i \j+& Vjl>. ijoJUJI ^ 4jWiH (jj/jljJU >jip. (j^a ti>»-i 4 /it i 

Ti0 2 «jU 4jjJLiJI 3 Aj.-^ii cjI^>JLI 4jk.Lfl ^jlo <_ijbEiJI till; J£ ^jLj 

4jj)i<-»«II iJJIjjcIIj ol JaJJU r«£l_p (j-o £-I<a uVI 4j15jj 4_iiajLJ JL*ja <_, fl 

,^1 4j^oL>JI tiilj jillUI i-n-wjjj 3^1-.^. 1 1 Sj^jJI Jol u,jVLj Sjj^jJU 

(_5jJj uJjjua}\ jJLuaJLI <^J ! JJ SjU.1 (_ps^j«j (jl (jjl T1O2 3jl « LgJ f " flTi 

* 1 , ,,Cj « 4_uj ^l-Vj La 1 L^jIjj-Li ^^9 ililr-r mil <Ll>.j^9 oIjt&* 0.9^ u-'! 

djj^j^SjjjuA cjuS^ ^yjl L^L^>tjj 4jj<^i«1I jl^il (JjLso L^JLui jjja '^£j^ 

.^In.nSU Self-Cleaning 

T1O2 3jLa CjI jj i-»- L$J « "1 «i" ( _ 7 jJI 5j j a" 1 1 SjjiJI tilt i"i->.j1 J 3j 

LiJLi-A 4juj_juiJ1 Jj^toJI 4jjjt «^a JjjLljJLi (^yjlju ^ "~_- ^Jj^oj »4 j^jLiJI 

5jUr j r N ^.' J—J^aJI <Ufl aI 3 .liJj^ i-o (jA^J fjj ^° t J < i~'^ <-iUJj 

ijLijVI Jul usl (_ya 4j»Jiiej uJll iajjJjjloJI tuLlaX ajl J VI CjUil ii£ 

a J La (jja 4J3LLJ1 4-2_l9j ** * ;*-*.' iijJLlik <L*j^_uJI jj-LaJI A< . .-..* *j .'..", * 1 1 

aim Su^U-jJl 4jUrSU ^1 JJI . ?tjhr,tl o^>- ^? ^Jj .5j^LUI Ti0 2 

ajjJj i>-»1l tc-uI ii^a (jl (__yjil ud\ (_yi^ 3j£LiII Ci -lIi Ji^J . 0L3I «iSJI 

J^x^jJI I J '^ ij 4j^£ 4jjj^3 dJlUo I fl** « "■"■ CjLal miSII (_J*.|j 3jjj>>^XI 

TcJa u.1 4jLqj>- (jja 5j^iLiI| T1O2 3jLo lIjI Mit < ; 1 '."v <i" jl iS^SLill ■ 



^yc 4j>oLlII ^j'jjj^jj 'jfl^ i-iljj...j".tl «_« <u>.jL»JI tiilal liSJI S^UA i 

Ljj^j iif.j] i^t3 ^^jJI 4\«jj mil JjjJaJLi 3L«J j" '^JJj (J»l-> 4J>^»JI »j hi 

.4jJLc 4jjj^a 4^li^ 

■ "■t»~t1 ^(( |» 1 — O JSLuJI^ (J^lII ^^i SjJJ^S f 1 — O j ,JS-<lJI 7CU3JJJ 

^ Al ^ .". d rt ifl * ^1 ^ 1 L-> i * aj J » ■^l l j"i l<> l .".S d il^^ I j- \ t L^ j 1 t l 1 \1 >jl , k^ j • 1 

Jj« ■'"■ '«■ .'il'al .'r.CII djU/» I SjLSJ jl 3_alj£. (^yfi .Sj^jLlJI T1O2 SjLa £yi 

i i JS-ilJI ljuk (j^a T ' *^"'^3 'i3^-^' S^LiiaJ ( _ ;r ^ 4 a.vV~ i^JLI ajjJ^jloJI tcjj! i>*ifl 

4jjj^J,I iflliSLJI (_3jL)Ii (*i-s"i iSjkC ^jiV ,3^' J J * l " 1 " 1 dh* (*^>" Lr^ *^' 
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.-■U'al-*. tTlOo (3-° 4_2jJe ->!'-»*■ •■■! f-a 4JL3 i L^jLilj ( _ 7 jJI Lg ulIi 4jJI»JI 

j^a^/l »(«!_!» 1-8 J'vmiII) L^jjLaJ 4_>-j.i (_ylt ajjJjaaJI oLial i£ 4jUr i 

.JAill Ji-b ujiljj i— ijIUU SjlJ^I ^j'i i u a ( _ T i£. 4JiaL>J.I (jjl ,jj! (_£.!] I 

(j^a^JiU i'm^.1 4Jjl_3_a f« J» 1 — o)j (« >.» 1 — o) (jM^i uJI J "iJ 

\-aln «-»-» T102 jjjj 4 3 ilaj w l^ SjLjVI >*iI*aI ,'.£ -j » JlcIj flUf ^lf .4 inrii 
tjj»JI jl TLjuajl 'jj ■"■' SjUL StbJa VI Jjt i*i") Jl*jj . ci Jii^^il «j->J' (Ji^J («-! 
uxali <4j_u£ 4jjjj^SjjJUA ClLxj ■■■j" <ulc {'(oSl^j ,1 A , Li^aj joJ (_£ J_!l 
(« J» 1 — 8) JSL_iiJI (Jj-*JJ 1 J-A . j-i-VI fj->JI i^y> ^j>>jSMI ^yic, I jufc il <Tr«a 

■ t~«~ /«J ( _ 7 oilj <Sj_C j J ■*■» *- I ■ '-> I I SjLJil . *ii*al "~.K A jK/- i JLX 2 Bj^utS 

SjLSJ (jij 4JjLSjiiI »jV" uj 4._tt-v^a Sjjj^aSs Cjjli.1 iSjjjLL'I T1O7 d " ''-" 

A^JL".J."H JLJjjiSiI (^15 '"'I -J •-«- (jlc (cJLtll u,S cjjj T J 1 1 j5lj-«_J cjLmjjI^VI 

4jjjj^aJ| ,-ilj A-^tl 3jj^ jj| 4.ialtll Cjj se -^' CjI ->.j-je^a CjJ £l 1T1O2 

'■■-■•-ji jiaj .Microorganisms 4_j > $ae-l.l uuLulSUI JL*-a ^ tj\..U-, 

LiLiJI (jfl dj^Lill Ti0 2 ^1 n.i-w ^jj'L) 4_i5jjJ. <^J>a-l (j^i't iJjl «iI1 

.Escherichia Coli (E. Coli) aj^jII ^^ L ^xuuVI ^ ^Li iij^xll 

LiiJjj 3_^ : -.< ; tl Lj>UJI L<li3 ^^k. LuL^l r' L^flJI (jic ■''l;;;^'l till) SjJ^j 
(3J^ 4» .".VI ( -y 3 ( _ 7 £.L*_uil j ' ■ -» I JL>-I_J p^j ml SjJ. I J ' ^Jj »" jj^^- (j- 

/ lmW/crri9 (^ic LkjljLi« jj)j V 3 U_. . .. > ialiSLj .Sj-y ...rti^l 

lj^L>. ^Lij (_yl£- ftl l^liill (jl Wjljjji tll^Jol l|_^i.| < !J/ljJ (_y^J 

4 «j' a j 4j^JLJ 4jUrlj 4J3JLIJI Ti02 Llil jjj-w i~irtlr l__« I jl iJSl (_ T l«j 

^jllj (jiijiSi jiaj . ' 5 ■•-^-iU jf ^..l-» ".II ^jija (j— « JLSIieja iuiL« lJI 

~^ ■■■' (_yl£. S'j'Qjtl 4j)liJI cljLiiiaJI t <U~) J^>-J jl .4 mljjjl a," 
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4jjJlv 5 ujljj Uj>3j (jjJI 4n^U 4xal»]l JjLiill j^l 3jl .1^1 jJl>oj 

a^j^Ji cjl>i*ii 3jj^ ^ lJj^-j^i Jsj& (6) 2009 j»lji <ys o—^t 

Jla iiiiiil tlj -wVL i3JL»JI CjI ui^jiJI J^ (^Jc Ti0 2 SjU 4 J3JLUI 

lillj i*< i^-il-w J S_$ . (jl iju^U (_, 1 ■! <i Till jL^>JI 1 ijin" (^jJI c^jI uj^jnJI 

jUj^l i.ajMIl 4mj1lj S^i^tl 4jU*J! JaI^ _^»jJ e^l 3«<U 3 uiljjJI 

(jjJI >»<JI CjLiiLa (j-a SjOi ■« p- 1_JJ t ■>! '•»' ■■■! (Jj>lo (j£. ciUjiJ i(j£LaVI tdlj 
» JLA (_yi£. IjM^i ,_, ' *"■ "' (jl L^JLaii jj^o ^yjilj ' 1 j -^ * ■ ^>~ ( _ 7 is T1O2 5jLa (Ji- Jj 
i_aj^m ^^uj^oAll L^JLu qj> d^i *& tr^ °J - "** ^ ' ' •■^j^''" £y* 4-LdJI 

.Swine Flu (H1N1) jjjLliJI l>i_jliLJ ^L 
pLuijIj .H1N1 _ -■■i*; 4j<^-»lll 3j uJt ^ *JL«JI < .<"i (jl J_Loj 

CjKj ill l^, uiflLl; i/oJLkJI ^ tj.li'a (j^LaT <_,£ 4j 3jL^»^I 3 »2j 

i_aJi^j ^j i^j^iLiJlj J^>JI CjLiiLa ij^>-\ ?rljjj (_y^ ^ ■ -~ ■ ^ ~" 1 1 4_jAL»J| 
. L^jl-»-*iia 4x.l i i<-> j^yS LgJLioJj 4£jJLi)l T1O2 3-jLa cL>U}Uaj '"■! ;_;;**- 

4Juupj tl_^J! ^ j ^ • -«~ J^Li. i^ya .~il ...j^jjAtl jj^a JuJL>JI pa-ill Ij-A 
(_y3 ljuk .3jULl 1 ( ll~ii ''■■ 'j;"-; ^J*-'^ ■ ■■' 4_iiaij i~.jtt<« ,4_uoL>. ' a ^ ■ ->-i ■ 
4aiL)LJI Lljl^^iJI (^Jl^-J Uj_^>-I 'lSL^' ^ u.ljj 4j5 JiSJj i^oJI o^»-JI 

Masks oi'ii ^-Lil ^J (-,l.r>jj al L^i 1l>u j!>UI ^HiJ ^ 4.^>i>-iVi1,I 
(jJi J^.jJlj J l i n'l l (j^xUJ^j H1N1 (_h.jlh3 Jla ^ic. SjjlSJI L_aJ 
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^>) *hr|dU u*t 




I ^■•■ti , «[,■;,< .it.; 









siUa (jjsSacj^il -l»j iJLaLiS SjLil J_i » rn'i Lj3j ^ajJI (a in -w (i) :(1 - 8) JS.jJl 
iliLaliTi^TI ajkV 3j^u» (u) ;4jijjIjJI Tl02 lJI m;-> ,jj« 4jjSL« aJLo_1 4^jjaj 1^'jUAi 
(_yS £*ajit 4 i ii rt'l i_al nit II «.Jj>- (j) i^yila i-gl itiS «Ua£ Jjt ejjf. (jk) ,(i) ^SJ^kjil 

t^fli-iLi&Jt Iju4> i— aJJ-o *_5^<aj *_-« 3 *->>j^1 ^y* ~* * j a ' * »jj ■-*') .5-L-& *j j *■' ■"' * " - 1 

Igj » ' «i" (_, III 3jj_^flJI 4-iS j-i-b j^ flS 1 1 ^j-alj >JI i»^fljj l_a Jib ^ *j 

i_3jX. jjljJis- e^VUoj (j^*- 3 JL*^-' (_r^ '~.AU.j j^a 1 4jjJLiIi Ti02 till ;_■■•»■ 

i_jjL*jJI CmmI *— ^*~ i^iLu mi" i nl,Li u^usjXi i— 3jX._J i«Lt>.lj_»JI CjLjLjjlII 

fl^jt ' afcjtm »-o J-aUlII ^ <jl xxjjJI i'II" SjJlS .Ojj-»-f ^i\ A ojl Juil 

jjjJI — 4j^jia£. jl_J-a I *.jl ,*./- 1 ■ — CjLjij^jjJI ^j a « ■> j oLijjS-J,l iLjj-pSjJI 
. Ifljlf cl iriiiU jyj ujljjL>JI tiilj ttUihI ^yit (a^'>" -^ 
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eULi JAjJJ <L4jLi« *J*jlJ — *-» ■ ' • 
(jic 4j'i ill iiijLall (jl n-il *i<ll !jja JjI lJI Jo^loJI ^ Ij^j U£ 

LgJLlil (jj» t7-Ld£Jlj jlj_U3 Jlj 4_>.j(j^JUj l4j«ltU ^j *»» (JX 4-ijJ-O 3jlc15 

_>^jy tjl i-ijjJaJI (ja a • 4_*S^io jj^ SjU^fl <Lia1c, .•■I'al .*."<l ^JJ i_£Jp (jl 

i^il\ (_^aljiJI dr^J«" .' aLcoLiJI oljLui.VI L ya »J f lj-»-l «Lijl i^& 4JI i Ll* 

j«^j x±up (J»l j-a T1O2 (j-« 4jjjLJ fl_2jlaj Si tit 1,1 jljJLl yr timl Ifl ■ ■ .."C*i 

S-U^a 3j-ifcUo hLoLlII 1 ni'li'i'sl 4 jljJLI aJ-A «Ja u/V iPl.UI i_kJaJlll 4jlor. 

SjjLfl (_£ JLa 4jjiIj J (jJJ l^3JLgj «J *t£3 5 ISltia (fc^JLj — uia. (_yJ3 (j£j aJ i£>>. I 

Ti0 2 i>« aa.u, sLLill SjULI »u ... Wettability JL ^ t lil .-.i ^ u« 

• 4j-y 1 niiijll 3j^ djuial f IJ-iI/^ (_p3^ti]l JutJj Jifl 
#.LLLj ^pljJIj J Li! I a SjLa 7t_k u 4jLI^ ("J**"' 4 J' i_3jl>jlII j aj 

<d -tiiAl^j <uiaij ji Hydrophilic *l JJ «_p. - Surface Wettability 

cUI (>» SjJo^ ^vu^o^lj 5jjlj u^ LJij L» ^^uLS iL uul^j - Hydrophobic 

e j-a 4.^l3 ojlj UKj . U Sjl « ^Ja uJ Water Contact Angle (CA9) 

UJSLa 4(j.^jS;1l ^yUij . L4J I jjlisj tfLJLl cjtjJkSJ L»jK ^timl! ,jl£ 4jal_)JI 

Jj.-4-.l~ o't' *HI ■'■IjUSl » tinill (_jj»- (_yl^ I Jl* Jj 40jjljJI till" 4-»jS ■ -■la 

:(j\"JL»- ij\j jjLSj jl VI I '^1^* L*s iLxLo^. Sj_&UaJI «jla p j A" ■ ^SLIj 

(jnl a I ■ ^jk» ' •- t-» (jr^- *tll (j^a jl iSa i_i£, ujj ;*J-~L> (jl (_,-* i(_,_JjVI 

^ -* r. 1 1 jl, i SU ' -^ . ■■ ■ jjt ( _ y A i4jjIjJIj i^LLa r-L>-^JI jj^a c- j i . — n i^£,(J 

JlIc <L»jlIoVI 1 kJ (^ <ba.ty~Iinl,l 3'jJ^' (j-° ^JJ T 5 -^ " cr^- e- HI (j-a 

1 aj , ,,j . A^~-\ ■"■ ^ A ,L«i SL^jLa Lajl J (jjSj — jj^" (jlj^l (j^ L^JLi-jj 

(jOjL»JI (jtj j^tfjl SjlaI Mia (j^a i4J:ij ijijJIj ^ 1 jl I 4j^-r"ll tiilj I i i^ n"> 

(_ 3 jvL>.^JI 7cJi3__uJI l _ 7 ^£- Sjj^w^JLI ftlil . ' ■ I j '•» a (J^-4-i ' " ■.; ; a - (*^ r - ^ 1 ^ 3 ^ 
*U^ (J^x-i 4(_yJ>-L>-jJI jtla uJI (^ic ^-Sj u«jJ "^ ttl A"n jjl ^^ ^j ■■ I -VI 

tA ■• ^ .". tl 4_^_tlaJL) ' ^ " I ' l3J^' LT^ SjajK aj.1 '*'lj t^ All ^_a \ q\\ j .t^'i 

j«u (j^aj ijJq — lu1\ L ylc jjjj Ul>-ljj (_U — ^ CjIj^ 4luk ^ylc J_jS!jj (jl ^ 
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4>l *L»iU U*l 

» ~i ft" 3jjji 4iiir-> jS (jlal j^j OJl (_^ill 4ajl uaj.1 (_, II 4jjIj Jj ftjj 

ijLs tLa rt ■ •■■>■■ jja u> 4 j t-> i"i ^yfl L^aljjej u«i JujLa . T1O2 Sjl a 1 J; 

^^ic tjlfl'rl tdJja ii^LwjjJI ,j a CjIj i*J JlUJ 4jjJlJLI CAG - 4«pi 

jjji ■» U ... ( _p3^j«3 La I J] 4JI Juj .pin ^J I Ijufe ^ l-i in qmJj\ <W\j 4J« u». 

.-■IjUa (jLfl 4ue ...A-.MI J^jj 4j iVl ^J Ti02 3jLxj Uill p ■■■■wtl 

^ ij* (^ Ij-jj£ I ■*■"! ttiejl j jt\" <jLs TjLp xJa <jJ! I jufc (jyi^. 3jj3»jJ,l «UI 

LtSJsl Ijl iVi'il j "■'■ ~ (jl LT i icjjJI 1 to 1 if jJjjj («j (jj>j CA0 <bjljJI 

eJJt j ■ ■■ flj (jl 4 j ■ "— ±J I diLuiljjJI (jja ^Jji CjJjLv Jl9j I J-* ■» la ■"» (jrlt 
(_^aitljjj . L$J (joltH (jjjLjVI ,j£. 1 tj7«J jlj 2-flaJUI ^j£ Sj-fcLIaJI 

-- t- ■■■ jl j^a lOLuiljjJI liiG jyjljj L^-JI i'i^'i il (_jjJt 4 jalntl CjI^j ■ ■■ *" 1 1 

,4j j.^>".t"j j .•:.''■' (jr ^3 «Lll jjja Cj I _j In 3 1 4 i>>j-«j ' '«* i^^jj-jLiJl r'Lwjjl 
«Ja caJI I JLA ^^It LajIjjj ujI ,j£. J-JJti 6j-±j£ ^ij'j (*J^ till j ^yS SjjSLo 

3jjjj-jJLI 5^j . u.tl (jjljjUJ ,jj» 4-a.JJ 3 fljja t_i uijj 5JL>- (jyflj ■ LjJ i_j->J.I 

lj & (jylc iiii'iT « rti^ljjjj jj)*s"" LpLs iTtia ouJI I JlA (_,lf (_g_4^»JI *Ij^jJLj 

tiilj 4jU«'i j^j.J^ljJI jj^a 4jj^JI 4aLcl (jjj (^jjj La^^U-jJI ^Ui.itl 
(j^a <LuVl 2_,-,...A-..ll J^a 4j iVl jju-ai 4j^3jjJ,I .4j».L>.3JI jJo uiVl 

(ji l)^!^ ^J 4jIjuJI ^ {j-i}j I J-* oi^ '4jjjLlII Ti02 3jL«j >(jii«imJI 

jJSLiJI ,_;,£ x-L<3jja _jjk LoS 1 ■» lo-i uJI i_yi^. Cj\jlna\) j\j 3" ml jj_JJ Jjjcj La 

4iiL> (jla i4-U»4^Saj Ll& '"''.'^' "j"'.' LaLa pc^a uJI (jli Ijl Lai . (Z — OJ 

V .till (j^a LiLvtJI 4joJ3j 42ja ^\ ZufjZH CjUq-t'II iil]j J>»o Ti0 2 

4j»-L>.jJI £_!a i^iVl Ti02 3jLs *>LL 4j3 ^ii-fj (_$ j II i^oJI u ^j 

Cj^jJI j^yfl cr^ 9 'Ljjlf ^»Liil djl^lafl railjjj (JLJi (jjo CjI mmIIj CjLjLLlU 
q£. cilJja iLjjfcla ■■' ■ jLjjJIj 4j_pal CjI mj*v 3' ^alul ,jjs LfeJJ 4 "■"' 
- oLlixjJI Lilt ~t^ ,.,t ^^ 4^JL«JI 4j>.jiJI A^.U.W jl^l.1 JjL>J iJJjia 

■" t~ ...H . I j«l .^»*.tl (jjj (Jj-*J La — ^ j ■ ^ 1 1 JwijLstlJI jjj^la (j£. 3j uiSVI 

.jyjull ^L>.JJI 
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a J La goJLtJI ( _ y i (_JjjSjl i-iljl j...tl T-Lijj '~"^j ■"■ (j^ > J'**.' '"■*kj -l^J 
CjIjLuJJ 4_uwjLiJI 2Li^>» L^-^J I ^rU mVl ^ML ^ iCilm-xIl 4jaJL> Ti0 2 

L$JI i_sLuol L»£ ijl UjaVI tfLpa ■ ' ■ I j t-» « I Jjl'* «. i ~"~ ,jl (jj» 3 i».L>.jJI 

7r~ii~ i ii I JS JuJI (j^J • L^J j^>- VI ' * ■■~*ll (Jlaj («J 1 «i *mj i4jjjljjl T1O2 SjLa 

L7 oJI — «LJLI Cjljjol l«^ljJ J-1j9 -1^ flTji.1 7r Um j^^l^. SS^.Utl 4 jjfc Jj^-J (jl 

^-9 J La 1 1 J~k* uij jl . V.tVI ^Ijjs — 4jjjia^ CjL—joLoj 4l<-y a 3jLt £jj ^" 

. 4_j£jJU jJiLaJ 4_i>. jj-«jjl AjJ^JI y-jj^3j 










(&L4JJ ■■■*■■* tvJau) 



(?) 



^ ^ ■ ¥-» ■ 4j^Ua jaj jjiJj id 1 11 n't — 1~ ■ ■■ * ' (v)$ .■,*"*" "Jl^ tj'il ^ir^^j ^^ hi (l) 
^JJ-i ^ '— — M - « j Vi~ 1 11 '1 tj< nit I jj-»J .T1O2 »JU ^dH'J Ol 11 i-v ^A AJJJ^ i?ij^j 

(10) (, ,);>m.-t....ti r MU j^jaJUJI 
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l£ j*i <ib|JU «ia*l 







4jjJIjJI jl^J.1 j i£l ^ jj»j Ti02 3jl a cj! Mj-fc (jli 1 Lij uui Lj^j L»£ 

Volatile S^jI kj * 5 jj»>«- cjLSjj ^^ (£>^>o cr^'j '4— idjjJI J_u^>L>J.I 

3jU SjjjLUI 3 xj^^aJI olJ^LsJLI |*l.i V< iuLj tiLJjj .Organic Compounds 

(jl (jJJ («^>.L>o i_iL uil ifjj nil,! I jl^j ( _,~i-»- ill JxjlII ^jj/Js t^j' -Ai • Ti02 

AJj^iii (_jJJ ,_^jl JLS u4-ajJuJI 4JajL3 T1O2 (jj 3 -' '" a (j-* 4jjjLJ Cji i j ;■»■ >t If "mil 
jljj.1 4j^jJI xJa ■■■ (jjs I JL>. 5_^jjS 4jk1 uui I j'^U.'j Cjl mj-sII lLuj jl mmiI 

nijl m i-s!I dilj I4J *"i"' (_yjJI SjjjSJI ^j-»U ...tl 5>-l mflll jjl^ jLia . I j*^.tl«/i 

ilJjfel ^yjjij -j ■■•> -"II jj» <LajL2JI j ;^"' ; ;II 3>^ 4juiVI w>j (^3 JjVl JJ-iJI 

Jjl'NI (_yic SjjLia 4j^S iZjij uiSJja I ^ n i ojj l-AjJJ i£Jp ll>' (jr^ *— " .'J.'"*^' L ^^ 

4jjJJ 4-Lj ' i ~ t£j^-\ JO"* lt'J ^£5-^ J 4\jjiJlj 4jj-iia*JI oljjill 
<lj^jj t "tt ^ .U ^4 uJuLIj i^C" . ^ L«Lku 1 1 uaj] ^jjju\ I JlA aa^ -^3 

<Lx2Jjj 4j>JIju« J»-l (j— • a LiL! jj 1T1O2 (JjO ^JJ-'lJ ol Mj'y.i 3l Kt a 4 iij^j 

(j'nrjtl (jjjj^JI aIS J^J ,4jji><«il jljJLI L^iL^j^a CjI JjjjI'v I 4jjJII 4 JjjJ' 
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L4J jL^Iol (_pa>»J tiUJj iL^lsJLvo ojljJLI AjjjJI <ijjJeJ i4jjjti]| SjIjlj ^ 
■- L-" ■■" Ijuk Lillj JU_l (Jjj_iJl tjlaC /oj . (jn«i c"i!l <La_uiV 4_uajjJtJ6 p^jlitD 
ijip tPJIj T1O2 Cj\ luu 3lt-i«l,l <Laj_$JI rjJsaLj ij^lll <j_« ^yLs-ljJ! 

1 r af I j . Activated Carbon .Uniill o>l>^' 3j^--"a (>a i^Lj oLuu 

(_yJI ^jl La '(»3J uJlSJI 'j . ..Cl< 1 jUI->. (3i>^ jA 4j^jJI (j* -- ■ ■■"■ iLiLIj 

jLcjjji CjljLfc (jjl 3JjVia iSj^llJ ajjUl SjjLLljII AjjjuajJI tliL£jJU j V j"i 

i4jljjjjt r^flal *» U,,.i ^ylfc Jj-s-^J,! Ja i^ull (j^J^SJI '"' .'J."* - ' fl ' "*"'*! ' La 

, Aj^jJI jjj» L^JL£.Luaj Jj^oj tiiljj 

- (Jim Mill gjinl "Liis^jJLI ajojLJI T1O2 '"'^.'J.'"- 4 »-$■« ■**■ I '<* I J pj 

JjsLtjJI ( _ 7 £ nj^j^SJI oLlxjjv ,_Ljjjil JjjvjXIj — 4_L5c_LjiiiliJI 3^ 4jui V I j ' '->" 
(jS I j* i ...Clj nj^jjSjl '~'' jj; ,> - 1 j"-.~"«l (^^Jl 4j4jA*JI 3jJe_iVI i2jLjjJj>. lua 

(12) . t - . I 

4j»jLj olj^L 4 j_t 3jL£. ^ .Quantum Dots 3 : ^><il oL^pJI 

4lui ^k. l jl n .> j ,^-nI .c-M ^^o oL i? jlj-a (j a Nanocrystals 

(X, Y, Z) aJi^tj jLuf ol j Nanoparticles Spherical 4jj>£ .-A^ : ...->. 

iljj£j Laif ilZjIj^SJI flj ft ij) (jja (Oji^-JI (ji^J • <LqJq1lL» <U_ii/ jl 4 a tVi i a 

CdSe iCdS uz>[^j^> Ji* cj^LuojJ.1 »L ui dLi£j^a Sjjo-o ( _ 7 1 C - j ■ *-'—" 

jirditt 4jaiLi CjL^x 5'j* ,^k. <ja£j La l^^jfiS 4_jlla <CdTe <ZnS .PbS 
jt <Fe JjJlaJI ^Pt (jrj— 3M-JI .Ag «UtfLi!l .Au 1.1 tfijjt Jla Sj ->■ djjifl 

. Ua^j CoPt3 .PtFe dljL^, JIu 4j)iis ■<'"''■■■■' ■'■ l .^.-^ 

JljJ.1 jj^o 2 ii . 1 S~ 1 1 <LloJ| tfjuifc (^^ol^i. (j*;*"'J jj 1 '^'**' (_j7-9 J ■ "* ^ " J ^^ 

L >^iJ_ai /jj) ■ "J^JL/^ jjfli'iH »ijojSll i^JLc ^1 Cj^Lu-sjJLI »L_u> Jr 4jojLU1 
4jS^oVl Lxa^Jjii 5— t «l y y »i jaXII 1>I* . ..T - Louis E. BrUS ,_y±f— J 

Sjt'U oLVyLj ejj^ ill Bell Labs Jj J^Lm ^ Jo«ll J ~.M ^ jj| 
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4>l wb|*LI UU) 

J jb<ufl^xb i ! (13) 1983 ^UI^Ll^^liaj-^i en* - ^SL^Vl 

sLjjjjjSjj I (jj»l_^>Ji (j* ■-■■>• ' j _ r 3 CdS i_jS^j3 cjIjjJL '"*' .'.j. 1- *- ibul j;» ■^" 
,_^ ^IjIj^I |»^jJ| u * i -w 4i»£. jj^aj (jj-jLH JJ — "*^M/^' L^'jiS • W 

lj X a" j] iSjjjJLI 4 4g{\ (H^jLfli .»*XI ; jjLjJI (<i i « ' 3 jolttl Jal mjjl 'LhI 

JJ-X jjji JJlC j j i a ■*-" (jj« LgJ I j 'X ml iSjLtlj (Jjia jKjjIj Jill, >-»*iml jjjs 
(JLiJ (jl Ljj^X, (j Sj («1s I JJ .O^LnsjJtl <»Lj uiV <4j^sj-«XJI CjI m i-»JI ,j a 

SjajLia .Kavli Prize Sj\jL>- 2008 ,,^111 ^UJI ^ <j-j>j jj "■efi^' 

lixSCJJ^jJI lilL*jVlj (OoLdll »jlj>I <L«jli!l (»ji*U sLLacJJjjJI ijlAJjl^VI jjJS 

Sumio Iijima U^>jl j^j^ jjj --H ^LjUI (JUJI £_* LiuoLu aUJj 

til! jj . ^ 4j^JLUI tj^j^JI ! i nljl jjih-s" ^ Jx^aJI 4-JI y.^j(_gj II 

pi*- JL*-a (^ 43!>LiJI I a j~l<~ I ujj isejvUlj "j i" ■ ■■ 1 1 I i *■ 3 j j g. I Ijj ' *" 

, jjLUI Lx>-jJj X~ j 

'" ■J."*"^) ^jJ-iLiJ' *— '^Jt^y <-iilj jUaSl (j-u jjLia jtirt ^j^ljj 7uu 

I JLA (Ji-I J j inVi jjl (^ lOljiojJLJ lUj 2 (j\j r-jl^jj (_,jJI i(4uxjn^tl 
3jj 50j 1U tjru La 7"jljJJ CjIjJJI £yt ljJL£. tj jt iMI ^ytt-y-^tl j j*kJI 

(jjs Single Atom 4jjb-Vl SjJJI liJjJ u iiU tuj ^^a I JJ .^Vl (^ic 

^al^jJLI j-f£-J i4^»j)<XJ| dil nj-rlt i_ajJULI j^i: l_«jSjjJI I JlAj . 5jl LI 

(jja [_>jj£ IjJl£. Lj ...i:lj<*.<.* (jLi l(jli»l J^ lL £ji>.l 4£jjlj jlj^a ^1 !_^a 

JlLs f I - 1 - 1 1 j (J_fG>.LJl al i" ftl J^oJU ijjufc C^jJLtk Jl^j . Jojj-ojI | _ > oIjj>JI 

4J1 ljjL>-J jLfl^ . 43j J i ii 1 1 J-±C- 4jj i^-i ill I g I ^-l l^j. ( j^ ( j^«t (J lc I^^JU(jl 

(jta '^JT - ■ itaixll i3_J^ **-«■«■'■' J I (J-"-* ' rj uail (j-« cr^J^*" J > "*> l I g i^iji^juj 
' <** 4jjqje-a (jljJl 3j_j-i^s j JT £ <jSj_J 4 -^ 1 «a3 (Q-> *jjjajl IjlA (j -»"■ < ■ 1 ^J'jJ 

fj-^n Ijl* ^i LJajf I j '« r~.<\ _iij .dJLtaja Wavelengths 3^>.^a JI^Io! 

^JJ diLj ; — II cJlA jlUal jj^ijjLia jjlc i_iK Ijl o'r I t«i"i<_) Igtfl ('"njill 
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L^LolsVI jjlaJ? (j- 4 Cr^-J^' tW*^ ^^) ^ & '" cr? i-uAijJI j^UI iIiLlajI 

^eisXli k_« CjI mi-»JI fljufc iijj «Ufl jl_5^j (_£ jjl CxfljJI ^ I jjk i(4jjjj,l 

ClnjiWitf 
ijl cU^oj-gSlI '"'' .'J.' Sju^Ajl 4-uUaAJIj 4-uLj_^-ijiJ| ( _^olj - >JI Cx>.IjI 
lijcLLuaJI .-il/-IUSIIj c-j aVI J£ ^ SjyJiCj icjJ^a i^iVLfc* L^l ' ■»-' 

4j;Mio¥U4i^a« 
(j^Lj! ojaxJ Fluorescent Markers ijj^J^ ol «)■,-> 1^5 ^jVc .,."i - 
jL*j| ^^jijuLix Cj >jG 1 1 j" c — ^ .' a j j •" Ij^L>Jij f»lj_jVI j^>-j 

- CjU^IjlII i'II'J Sj^UaJI (j!j_JVI i M'Vij . I^g-y ji'<-»J aIjjVI »'l I* 
CjLjLpJI jUafli jLljI i-flMli-L '|»ljjVI -5>»-J tj^L^V SjJu>J,l - CjLm-»^JI 

.a 1117.il ^ya (jUoj^JI Jj^-j (jc j^A.\ ' **-<lt jjVI JLajJeitult <uILlII 

.fnnTrll i*jkJI L^L»JI jl^acJ jt J»lj LfcJLSljja 

:5LJtUI ^VL*1I 

^j .S»H 4 Zt^LJI ■*" <j J 'H 4 fcl iir> (_j__fl ~ ' -»~ ■ ■■"■ — 

^ Sj^yu oj ri 3L^al\ ^1 ■■-^n J_ la Light Emitting Diodes .LED 

JLlc j IrT-wl jj^L) J jl^*' (^11 <JljlJjJ^nl"ll 5JQ-K I (j-« t7^ "*^^ l T iJ W < -" 

<*Jtti»JJ jl J^-ll (3^ JJfi- j-*3»Vl L^JjJ (jrl^- l)^" I 1 ';.' ■ jlj-^H Jji 1V1 
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4>i aUfAU u*l 

dil .alii 3^1x^1 ^ - '~~--' ^^a tiilj^ . Jj^i'irill jl.u'inVI JUL*. ^ 

f L Jll Sj^a-i SuiLij JLojSLII cjL>-jII JIjJoI ,»LJSjl <_ylcl Sjj^jJU Sj^i^aJ! 

. 4_ujuo 4jc! jl 4 taJe a 4->-j_a J^ ;■*" ••■' ( _ T 3 a .It" mil rL>ij jjii »(_, 1 W\ tm ^'J 

^ kill j£j ijjji^JLI ^jjjtlll cjLa>L»J Jujl JJI 3*Lu3^/l (^ *jl*j L-3 - 

pi uj-sll liiij (j^a jaj jl >4juj uJI jjlillj 3j_jjk_j1I CjU^LcVI Cj\ »-jJ 

jLu) tjrlc «Lu ■ ^ alia: a (JijJLj t^ir-wl lLjIjIjihII Cjlai miS sj-us <Ljj»j| aS 1 1 

^jj 3_yLjla (jjSj I— a SjLc <_^iJlj iiillj ^yfl 2usjliej cull ClI iji>ll jl Lai I 

. JLljLxj 4.3Xce a (jljJU rj | '**'^ I J*'" ' ^ ■ * .' *'_' l?-^*" Jl*J*' 

» < ' <aj jj 1 4 j a "IjJ I jjjLjLi!! jj^sl^Sl Cj^I i mi a ill I 3j it-n ( _ ;T J3 a .1 tt'i luj — 

.^l^aVi ^dJj oULu 3*iji j& ^jVhuU Blue Laser JujVi 

3jll>u1Ij 3jujl>JI 4£LLaJI JL^-» <jfl • 
jj* CtJloJI (Jj^JI « j * 1 aJ i _ y 3 4^aj)aS!l CjLujjsJI ('II") i_kLijj l-3j — 

^LiSJ dJJjj Photovoltaic Cells 5 jkt^aap^jJI JL umjjl I j>L>JI 

<jjjiill tf jukj .4jUI (jl 60 j^»-L>. jjL*JJ l-ljjlIi iaLUJI JlJjj ^ iJuLoJI 
(_p»j ill f> i -»"■■■■ 1 1 2j i_.l S'tl ^jjCjL (jJI 3jLa SuLaS 4j uiij Ojj_j1 La I jl 

Lli u^jIJ <4jUI ^ 33 JL L-i ^^ 3^b.:ll <G*Li£ Jlj^j V mJ JJIj <<4 ^ 

.Jijiiinnill 4iLLaJI JLata ^ CjI .m>II lLUj SjaAI ^JLa 

3Lx9 (j l3-3^ * /_J9 4jj Ji_iU I j ■ & y at 4_j_aj_itSjl '"'' • t ;" w '' (J m> 

5JL>JI iJ £ 4-yj^.if.Ji ''■'■' ■ ..-~.il /«^uL i_S^ju LuB Jtfl^J i n« ^vjjI 4^-w^JjiS" 

3 ^~.< » iibtji (j^l ,j:>>^j .Solid-State Quantum Computing 2uLuaJI 

.-■Ijl gjJL >LjJLJ!j CjULljJI jjj^jej (_yJS '~'I.'J i~-ll < f ll") j»l jjej uil ^1 (jj-aj3 

»l ■ ".I (jyii- 4 J "J 1^ 1 1 '~'l 'J "»-H 4_i (3J-*2 LI Lilljj i3j JutJU 4-ul ■■■-«- II 

Ijj>-1 jjIlJ jlj ■ J~9^J "f J^ < ^ J JL>-'^! U**'-^ L>* ^j Ijln'ill Cj^LusjJLI 
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jLT ' ^jj d .°:.1l Nature a.j.Ull 2\y*j* 900Q »l»t j_,lj_, j q.-.. n i- ^a 
,jSL»3 ai Yale University <Aj > j> i i\ Jjj iujUJ 5— jIj <ji*j J*£. ,jj^3 



/ ^ jcJLlII j;j* ■ ■■ * ^ylc ^ly Solid-State Quantum Processor 
Lfc JuAjj «.Ll!l? (^j Signals oljLiyi JiiJ S^Jj^^JVI oli-r i*ll L^LuLij 

Xcj^ji (_^ 4_iJLai. Sjbj (jJJ l5 j _P L7-^' lOljlotU lLUj *' j ^ ~ (^ t? j_jjuaJI 

(_L%i uij ftLjjl (_yi » i V. A 1 1 4^LLaJl aS (J-lLSoJ ^~j~" -i~iljl«i«tl i < 1 1" ' j ^ '" 

.Ajj^uUJI 4^uVt 

■ '■> ■ ■■-*' Sjjjlj ijjlill ■ "'•' ■ ■■■»! • 

JjjJo i^jj irt'M JL^j . L yoljj<JI tiitj (jic. 4i«j^l,l 4_iL».ljJI 4jm1I Ij «i (3 <i" JJ 

4J9SJU jjlo\ux1\ j J'— J Cj* "~ ' ""' **j't* (j^ i^yjJsLLI (JT ^ ,i<l.L ...II TuJl 

4£Li_i i_u]l jaL ^jjqSJj ^3^1 (j^a < I ■» L^jua jj I ^l«- 1 A". £j\ n ,UI d<^ . uaIJ 

ftl^j>-2 aLjI SjuJ » ■ '-~ *- J ijjJaJI I JlA (jic J j . ^ ^ 1 1 JUuj . L^>.LjJ| i— ij) 1 U 11 

.4jSLuI£_J.Ij SjjIjjJI iIjI aJLJLI Jla i4jlc 4^*.j^JLLJ,I CjIjU«11 ^j'~ »; 

Jtli« | _ 7 Ic J J ■ -» ~- 1 1 jj^a-Jaj La t45jJS SjLjj 4juol^i- (ji m>j (_L>-I ^jj« tilljj 

. 4j 4jl iii" i nil (Jji i'mII diljlnr J <i -y'n jjOjaj i il i^ 
C 1 71 
jLui u^jLLs j _■ » ■ ->" (jLa i jj.^A'.ilj 7-j_iiJlj I -^ ■ • ■■ " LLljLzi Loj 

2Al".^l I 1 j.^lj-^ . ^ . ,.-w". ^11 (_gjjj i^Lc 3 A,^. jljxll 4jL>.IjJI ■"■! jjj — II 
SULLaj 4^jLS>» «^j ^ 4JULI ' ' 4j<j'iKjU ijlol^iJI 4j)laJI cdiL iJJ 

( _ 7 jJ1 4_i3.jL>JI cjIjL^.VI Ja^nj ,_,!■- L^jjj^j L^jj^Llo SjLjjj i^^jj ljJI 

L7 aJI SjljIjJI liLiLejVI XjLii Cjjl Jl^j . Jjt in'ill 4_il^r uLijI ^ LjJ j^jjtjj 

d U.T. iVI ■ ^j X* ^j| -* jil ...II (j^ill ( jj« '" .'J 1 ' 4ji>. ( _ 7 3 Ojj^k-I 
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4>t Mibjdbl u*t 

AjjiiJI ,<\\\....\\ 3 X/.K Jl L y S \^\j . <tjl ...tl 3 iJjJu 4_iWU 4ji*JI 

j ji^'j iNanocrystalline Metallic Alloys 3 :; j;^" 4 mil 2_j^Li 

.CjLlljjsJI 3j_lj£ 4j uiaUl jljll 
: La-A <(jjj_it*« ^7V 4Jaj!_pl 43 1M til I ». juj f 4 — O ) J^ mJI tusjjj 

4^»jL2il jIjlLoj .j Jjlh^I 4^ "J Grain Size ol m^ jUj! j ■■ j_-' * * 

Yield L$J ^jjlu w ~A\ ol jL^!vU ^<^<V" V ^ 4<ji uJI Ujj-P (_^UI 

5 j , ,.<*Tt (i, ..I nil 43>Lt 4iaa->Lo ^li'imi (j^JLl J£ ill ^j . Strength 

p' j-JjjJ I CjljL^xi »Lsl Lj.'Lajl a a jljjp 

j3 J'vjitlj j_jjl>JI 3<r J; ... L$j_Lu w "■" Ultimate Tensile Strength 

4^1^-1 jjl Cjl_i_i_L>Ji jLsjl fjjx^LAJi j J « I aj JU£. O! w« ^j ■■ a-> ^JS_) i-.Af- i ia* 
jj'^'ll I j.4 3-»m'i LjjJ^Luo 4-i3 Ciacl uaj ^jjJI 03_jJi ^3 till j .S'sjjf.ill 



(20) 



4jic o-ili La JlLoI AILlm j-»-> i _- p J) J ■ -*" 1 '^..'J.'*-^ 



Grain size, d(mm) 







10" 1 


10' 2 


5k10 3 


200 




I 


I 




CO 










2 150 










sz 

u 100 
"55 


— 








T3 

.22 SO 

> 




— 


I 


I 


1 1 



12 



j- 1/2 



d • | "(mm- 1 «) 



16 



iJbL^W-V jjj^JI -* C J; ■■■ t,g_i, < M ^^Lll ^LajLdll Sjtjlio jl B~irl : (4 - 8) J< imTI 

. ' Grain Size I <pl m j »• ^injis* jUji ^^ic < Yield Strength ^>Jaj»)i 
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VLat» I J ■■■*'■< ■3_, ;:; -wtl 2_JJl JbjJlJ i4j)li!l jljll (JLLj u JL>»3 

.(Mg |>JjMMf III 

.(Ti -jj'.l'^'tl . <\\\ . ...) a^.l.^Jtl i^jL^jIIj oljjUaJI 3<-l;.^ ■ 
5j ... : UI::ll jl^ll .MM, ...) 4-u^l ^Ijllj oV^Jll A—tllua ■ 
.Co cJLjSLIIj Fe jL-ijiaJI ■ <i*i ; ... J_la .Magnetic Materials 
.(Rare Earth Elements SjjLiJI Sjj^jVI jj^LuJIj 

uS 4-a .1 V~i uJLI 4^J_^SLII AjJjjlojJLI 4 nMa clj^LusjJLI 4 cl ii/-i ■ 

Nb ^.jjjjj^I Lil5L u< Jla) i^j uJI iijLfl (_< u,1^»JI kc\;,s> 

J 

•Ga AjaiLa^aJI J_ iu o^L-ojJLI »L iV jlj-a L^jJI 3 aLuall 

.(Sn jt ' .^»stl 
.(SjjjLJI ^Imj-sII jj j^LstiJI jlia) iaJj^pSLIVI jSlS>JI ■ 
ol julII -- 1-> ■■■? a j u i*. ^^ a /. i^.~ ...t i ^jils^Jlj 4j nif VI 4^.1 ir^i ■ 

. i(A^jjl"i - i~ill iAj_o^iJjl iZ/11 illJ^JI i_lLjLaj_u Jjja) I 1 1 r-i H j 

(i"J-'" tiljLjjj (Jjj») (j^jj-^^^J' d)i)-*^ t — 'yjLtoy *^J' 4x.LL^a I 

— (j-oLnsj-JI 4£Lu__u) CjL^jJLIj .--IjIj ...tl ol JjLLaj 4 c\Xus ■ 

.(Pb-Ca r3: ^Jl£JI 
oL^jJLI J<l j* i njlt'l nilq uJI iliij 2_ jjiia 3 jUrf 3__cLL^> ■ 

CjL>-jjJ \-£j^3j-*-> ji\ jL_j^jVI (jj« Lgjjl fl-xl '["'JJ J "~"j cL-j-iLiajiJi 

aSL^.) ^jLiJI *L^i!l ,> UJVb-j J>L^ ifciijil 5jlj_>JI 

.(Mo ^jjJlJjJLI <W (>^*UI 

•2 : l ; S-...tlj iJUJI .(^JaJI JL*JJ (^ 4iuJL>JI olnjiU'll ■ 
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(_P"IJ 3jj i nS 1 1 a,\ km] I Cu '"■ ( _ r 2 2 * 1 1 •»*■•■■ P jj"l ■■■! Ij 75_ilj_jJI TT^j — 
i"J-'"*J ~ i^J- '-"'^ ■?.' '"J ' L^all AjiLiii i_j1uqJ| lLLiLjjj<J p ■ ■■■»-tl 

. (21) Ti6A14VfjjjLilii- 

aIjjVI jjaO <_,£ L^xl-liti lJ fSjiU 4j4JLiJI t—ufcjjl ClLu> J^ilV") - 

. (23) r ,„-s!l Jib ^.Usj^l 

s 

pl_ajf <_Jj£ <_, 3 4 ajT-'r uJLl 4jjjLi)l S^uaAll ol ;;;**- (J ^iaej — 

- s 

A abac a p'^J' <_Jj3 | _^ **» i^iibjj «^j.jJ,I_j ■ IjjJjSjJ! ( j_a 3, > J "~ 

ij^jLillijLjSljill • 

f-l^jl -L»-t — (jA»gj I j."— .. j'^ 1 jl ^>»_jjLa J<al». ( j£. 4j ii.Lj 3jUjL£. 

3JUJLC oLSjjJoj_j ■'»! '»■ -> (j-a l^J LX <_<U jj .Sj.jg~it I 4j . ... i * jtl jl_jJLI 

<_ajQ]l I Jl* j-aiu o' Lr^i^ 3 ^' ll^-J • 'icjlitl 4-i ^ujLl^Jt CjVL*JL1 ^ya 

3jLs ii_daJ uJI (^^B 4JjLjjsj jj^»ij_»J! ( _ y 3 4 ri l"i V a jlj a 3jLC <j^— _ J 

2*j>l A" t I ( j -£5 |^j__>J| jj^a JjLc « o'^-J <i a*- ^jJiu LgJ (_j-"jJ 4 iSl^^a 

,j-a <li!l i < 1 1* 1 IjLjJLa. I Ojja IjLaj jjLlSI I j^.jJji'C') C^flLisI JLSj . l^j"! 

Nano-Reinforcements 3_jajlj Li>LaLcj - 4jjiaj a ax.b jlj-»£ 

j^a Lgjj,_itVi lr I g^j <i" o( mitkJI i'II" i'i'i nl J^j •o-"' mil 3jLL 

*J3jJ i^^iL-u il 3jLa (j - * ■■■-*-■ ( _ r fl AjaoJI 5j_ijS CjLjjjj-JI J^-wl ma 

■*■ . ..W 1 i **C . -j|)^ iM ^ u . ..ij » 3 ja>>La 3jj-l«d (« l» D — o J ^JSLuJl ^ysjju^ 

^^La^jVl a^lj^a {ja 3iLiaJ Scanning Electron Microscope ^j^SJ)/! 

•" (3) • * ' 

uJa *l£\j1\\ iiil3 cJJijjj . v SiC jj^jtj ml! j^jjZ ^ ol mit i <><-jU 

i < II 'i'Cj i-iljlj. .ill CjIS^J*j> CjISjJj 5<- 1 'n^-v I ji« i3jJULLa 4-ig.l ii«-> L p3lj^l 
.7tJjljj^aJlj CjljjLLaJI JSLa (il^>.l (jjo !j^>t i 4^1 ii^ ^^^ 
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^Ulle»fJ£A 



jJJl o>Ul j» t_JlS 





j^Aii , Li 3500 ii-. i">Ui a* 1998 ii. 

"^ 20 cm 



20 |xm 



J_LaJ ^Cj . ...j»,j^j .■■i...vi;»i )i. .<Hj *. '" i\"a ,<Ij"ia»i ^^ •„.! ^^jj^iijyi 

j^jj£ uLbU> j^a ** *<"^~ « ^ i a ~i*- ■ ■ ■'■ 4_ALuaLl d " l^AI ■ "■ -"' (_£1lJI * J • ' * J * *^ ' 

jj^JI ^'^ 4 tSl^^a djLa ^yl^ ^j ■^■^tl ^ajjj tlDiia. idJ^L^t * * > t ■* j^SLi-L_nJ I 

i^LLya LjVL>u< ^ - l jj c ....tij AjJatl Ota, , Wilt Ltflfcjj La iJj^LaJIj ^La^Ldll iuJLc 

(25) . 

<Uj^ji"i <Ti<~i i ■»» j"** ■ -j" ^ j '* ivl i nl, ^j^jUVJIjI, v-^TI j$—** cLuJ |>it^"i ml i^aJI 
jc .T.ti^,^ (26,18) ^^ij^'vi.-.i ...^j.yj^Ujj .;.;tiiiii,»i,, ; iij^ti.<i i- 

j * t /j.t.t i ^£_, 4l )r ^LaJ| 



( _ )J usVI J I j»$JI »J Jj (jr* «Li£I^j1I jlj LI jl i LLo L yuLjl\ (j Laj Ju_3 

lj«j ■■■•»" SjSLs lj ' ■■■'_■ (jl i_jjjl!I tl «lr jjjo j uK 1 jl"rj I o 1 ^ — i_> Jj-ill 

i_JiSLII jls.1 ^yja ^jj^J I «£a 2s^s-»H i_UUt^ jl^I^JI ^ 3 I jukj - r j^j 

(18) 
Ji-lj >£l _jl u^oU g-o S^^SLfl jLa r ' ^jLiJI ^ ^ Sjj — J^UH 5j.>Ull 

^j-uail jl uij^l LiJjjt qp> >j»Lc i_aVT 5 (j^o ji^l ^Jl £>-jl 'l£>*-' 5jLa 

k_ijIaJI <_JI^ (j II jjVI oLxijJ ix>-jL>JI jj iiill <LaLi>l jl «jj ill 

I JLA (*^JJ *i3-2j ui^- J-**-" 'Mild (j-ttlaJI jjja 5 »'..—. 1 1 ((j-i±I! . -jUtlj 3 will 

J — O J*v .".Tl^ ,-il S^.^.'ill jx <GjL«^>.j tLljJI ^yi\j£.\ ( _yjs - '*»"■ ■■■II i_jjJaJI 

^ « Ull SjLj ^^ ^Ll^I oJjjvjjs (jS[j aJ ^^ol^i- i nji^i") ^y^i IJJ .(«>_ji> 
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4>t «ib|Jiil «L*I 







) jM' £=l' 



io"^ 2002 



i,y*_. 1287 



j iti'l JL*iJI jj»_3 (j-a I «l i mj (!) J*» rtiTl ,_y2 Ojj) ir-lll 7r ,i^»jj :(6 - 8) J f ■'■" 

" " ' (78) 

p ■]">_■•■ ^"j J_itjVI ' 'j -" f- 1 '■ ■ a H - 1 j ~ I j * a fljj uaJI — .^j^ A^ ', il "Ctl It a 

IJLS, .^j^Lai j_it ^Jlill jjill J-a^^ti-YI j-i^JI ^ uilJij w * ■*■ « Ul =•_; ■" 
jjlII i£Jy>»L> Lus Lv t<J i i - * (t_») JiL_uJI ^^3 4_J$l^£jjj^Jt Sjjj^aJ! ^ ~j aj ' n *■ . > 
tjic aitci J^ ■-" ^ JUj^^JI ^j-^j ^ ' '^" S_cL1i^j *jjj ■'" iuJUVI 

^c ^y^cj ■ Luij^a v>^ ur'! ^^ iaMiJI jIjJ^jI^ ^j^il pclidl 5jj3 J3L>- uLU ij 

i i lirttl dJiLLuajji ■ n 1 1 1 J g * Lulj 4-iJu»JJI «U^>JI <ll ~_' > bjj^i L^JLS _L4S;j£jJI 



OJjLuj 4 - '^-" ■■■' I ljIjjVI .'. nt" ^.1 j|^ ,jji»L>Jlj w .>iH.l ^ 4->JLall jj t-> ^^_2 
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i^Jal ji (jt>. (^rL^->- 4_t_3j_a o'*' . u "iLu Ji£j • * ■_;"■ " tj ...In I ■ 1 . ,-. j 

i - . ^ t> -^1 Lajuf. i3j»j^JI Sjlj^a 3l_)jJI <Lu^j>JI <ljji mi a J II <_ 3»j uJI 

ijl JLi£llll * J*-*" 1 . -Tj . djjjjjl i_3^j uJI JLuaj (_,A£. <LLj^JI AgiSoj uu 

U^>. l&a^xZ ^i Jljj V L ^l\ (ijiaJI <M l~i .t-JjuaJI *L>JL*Jt Sa—j^JS 

D — O JSLlJI) tZjLtlajJ! <*■<* j_Ijj '*■!; - ■ -t ' i-.^l~^- 1 <jjj , Ijuk Li-a^J 
i ^j...lli 4_loI^J| ■ .1 . -»tl ^^j_- tzJIj Lais iljufe LLa^j w "-*-j . (<ci_j» 

4_ij^*_lJI jiljJLI i ^ I* ^» * ^jja (j^i».LjJI (jja 1^ j jS I A -|~ aI ^SJj ^jJLi^ajJI 

4jjIjjsJI .-.M^.H ^jjLjj i4j)1A]1 liljL uJI . 'tjl...j 4 ujjju <Ul»II 

. \ (} i r-> l^a. ^yi <USLjjl£LjJ > lj 

L^jLixjJaJJ 4jajLill ijLStjJU,! ' * . ' ■ VI • 

liijJiiJI cjLiSl^iil £)' ■"■ L^ji ii <SjjjLiII cjL^IjjII ■ *j'..v« (jSLaj 

oU u oiLisI jIjJLI (jj/l i-uVl 3jLe - <_JL3JI SjLa p^j ,_,]) Lc>>-j Lillij 

^Jj j S", A* jl ,J^.,^. jl d_uj j|^« ^jjs (ja£j La SjLC (^^iJI — ' J'** ■ ^l~-»" 

j^jjiJI CtLSI^La • 

I J~ ^ l^~ ^j'^l '«'-*■ ■! ■ i L*jjC (j£. CjL— jSljJiJ.1 ( j J a dAill lLI lj jji~" 

JiLa i4_u^j^£JI jl^JLLi 4jjx. ^ s '*~ " J " '^^ (j^a 'j^^ J J ' ^"*" ^ ^J d ' "J 
'^J J o^j*^j <_JlaiJl ^j a p*xJI IjLA CjLiSl^lx ■ * ■ ~~a ,^a scjiji 

»ja>ij <_>-^ J!^ i- (>a liJ Ijj .Powder Technology J^p-I -Jll 

^jLwjJ jLtC 4_L>-L_JI (jjulSJLI aI, l4r"lr irLl l4 of 111 I ^j^Jj^JI 3j""* "'" 

.4jJLc Zj\j^- 
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llUj ^Us .iiijJI 4j>jLi Carbon Fibers 4jJ_jj^ LaLJl SjLt (j_j^j v— J1>SJI 

. Igjlr J a i — — 1 1 i— ij I In U (j^sljjjlj 

Brake ,_L«ljJi jl5Lu.j_j Clutches (rL^jjj) ^jIjIj -J' oLiuLa juuj 

I Jut t-klijj I jj« ^1 5.,i^l,l a^s^.u-.Ti SJiaVl jjji i.^.. .cjIj muii Pads 

■ f\ . *\j . . ,. ti OL^SKIL* # 

4jLj *-« ,.Ui .Ml J| 4^.1 ^c «i5 iLill CjIjL^xMJ "HjsjLSjsj l«G.S^Ln3 

.(^jIjjJIj (j—J^SJI Jjj^sjjJI ( _ ; ^_a^jia 4JLa '( j Mj<n<H j ,_£jlj — >JI 

jl j^oLic ^ i(_j H_9_SJI (_dlj jjJt iflLiail 4_j^JLLII jljll pj ■"'■» 1 1 j 

i lillal! t j^alajtll uljj 4_^>-L>.j (_3Lul ai **J _"' ) J ■ u Jijjo *4j^l3 ■ f ' *' ■ - ■■ 

(jj» 4-Lfljl OAJb - '*»"■ ■ ■ "' J . I Jj a i *U»j~... j^jjl '"'I *jjU»~llj I Jj'^* (JjktoJI 

3jlj^>JI CjLwjJ JlIc J-aJU (_j^JI (Jj« ""Jl CjI •<•"?« »j i i «-i"i ^^ oLJsljjJtl 

a^sjjtii *i>»-Vi i<j t j? .^jjIj^ji ^ji^sta ^ «ij 3-i jia .^jui 

s'_^3-l ^j"-~"* J I"S iJjJt JujJI tLui t _ y 3 JMjJIj IjlloJ'j ^jJj—jJI (J—aljjJ 

.cjISjjJLIj cjLIjSUI 
jj£ Js 4j<.i«lj-j uJI jI^JLI j-« Glasses i^a-U-jJI jljil <l>I iu 

jljjs 4^Lusj (^j^ 3 (j-^- <— JljiJI (j-^ 4jAJI i>_L4 CjLiSl^La (_klLuj .JL—Ci 

.CJLJVI jl AjjJUJI JU uil^Vl ,>» ->UjV| 4j^U ^1 int. Jla .4jlir-i 

(_y3 (J^i uuJI ' '■* «L5jLaJ! I j" ajl ax-i p^j-lll l-LA dil ;^^j" " j J n"~j I ' * 

.Strength at High Service Temperatures <LiJL»JI 5jlj >JI <^U-jj 

«.l^^l CjujXiS A c Ir i <-> ^^2 a I J -r"i ui^U r'LaeJJI Jjslj^ L^J j__3jj La 
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.Heat Resistance Parts for Engines Sjlj stU 5 ajLiil oKj^JJ 

jl^p^-VI i^jLilieuaj ajljjJLi iLuo L$J ^,211 tlil^j^sJLI *l_^»-l <_yS I ^ajlj 

^jUJI f->«w»o cjLila.3 Exhaust Chambers ^jLuJI i-a^c. Jls lcr Lxl jJI 

.Exhaust-Collector Rings 

i_<i3jjja . 1 «l '-»" .lj l*~jj ■" t_JljJl)l f-ljji jJiSI oljloJI l_Jlj£ JJLJ 

-t '■-" ■ -I jj-a jjIsjJlJI ( _ 7 l£. i_JLill 3jLa * _; ■ ■ ^~ ^^ > J JeTi uJLI jloJI jLpi.1 

i—aJlj jji 1— SJL^JI ij\£ I jl i^t'ia'q . L^La 3j^>-jJU (_yaljjjlj dj^jLJI 4_j£I^jII 

Oxidizing En vironments 5 jl^^ *^ ijf 4^ ^ j»ljLstLui^U oL^l^io 
I Jl^J '_■ ...Wl (jjii c? •■■7-'"^ jla i_ Jt^Js (jLa i2_jJL»JI SjI^^JI cjL>.jj jjc 

-.jj ■..;<- 1 1 lj tjj;«jt*y| (Jj^s i4_ijjij>JI ijjlil! ^juaLlaJI <_Jlj£a . jl ji«-n^U 

JfLa - 1 1 Q* }LaLc I jj* jjjJI O^i L?-^' oLcl iir->ll (jjj l^a^aj^a Ljl£La J »J 

. 4jjl_Jii!l oLiSjJUj CjIjjUoJIj CjijIj 1 nil 4X.I ii«-i 
i; ■■■'■ LgjJI u^Liaj 4j)l3 jlji i_Jlj5 (j^s 3j}li]l CjL^IjJUI iJJLjjj 
, 4_i£Lj^a1 uu jla^a ji 3^>- iZjljJ^ j^uaLljU 4 nr Jua jl^_a ^j_a 4 '^j - - ' 4 j a '>*» - 

'"■'j -i I ■♦' CjLiSljJLa • 

Polyesters ji hhI^JI 3jLa ^ cjL^plI ^ £»j]l I jub <_Jlj^ 6i^ 
4j^j l., fl j,i y.... l fa^i ^Jt Ijiaj uJUja 1 Vinyl Esters j^u J[ Jy-j^Hj' 

' -j it'll jl 4£&jLiJI ijjjjj^LII i_3LJVLj i_JI^3JI aliJb *u1Jl) La SjLcj . 1 nQ~nK.~\ 

i ? 

jLoi-l ■ . ■ ; ■ "J . jlitJll jl ^.jjUtl JLaLuaJI i-jJjUI i-<l!.j£a iSj^LUI u^J^i 
tLajlJLa |jja 4j j j i" La ( _ 3 _ 11 J-»-jJ <^£;l jJI djaJLJI jljJLI (j^a p Ijj VI *J ft 

^a 1 .1 ... ^jJ3 jjJ (^LlILij njljjVI ii^Ai. L^jl ^^iii 3j^Lc i3j5«Lu3j <LJLc 

djajLtJI ' .jil'iVlj ^_dt jj J I j J -t""^ . jjjjJl 4^>-U ^>a cJI^AJI 0j__A ^j^dIj^. 

L^jjaaLia p-Lfljjia t^JLtJI il ■ ^ .Clt L^Ljf^jj t4_)jla^Ju jjLjjI r^J^-i Qjj^SlJ 
. 4^jJI 3jl^>. dj>.jj Ju£, t Cjl n.lUj CjljjidJIj (j^La^-VI J^ *Lal 
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4>i wLj>dU il*t 

^^3 SjjSj (»jjJI 4 jj-a-LJ I t_j^jjjjl jj— — « f^JJ' I- 1 -* CjLSI^la i a ^j'j 

ii_ijjjijl i -I j 1 i "a a <Uu^C Ij (j.» uJl ','j' ■-*"' (_u>» t4 jt>iu^JI CjIjjVi * _■ '■ ■ ->" 

jlj-s Julj CjLA'jjJ,! 0JLA> (jl L«S i-dLa-i ajl i^.^» (jLuiaJ * j * i ->"■ j^pS iiL)j£j 
.tjljjUaJlj oljljmll J^LjJfc »l_^>-i (j» (J^lt I (_y3 A lV"i in~i (J/t>- 3jL£.lj 

JuaJLUI iilSL-VI • 

Jj^jJoJI (jL3 .-I ■ " ;...! y_i Cj VLxJLI JS ^yS SjljIj CiI iijxlajj teju^ CjLojloj 

L^Jl£i il «_ojj-a3j » MiljVl tiili JI^Li Grown SLaI; ^ 3 - i ~~ ■ ■■ ' i 

^J\ i*u1H (j-cxau (J4^- I j ' ^* ' t—fljLoj ^C ■! ..." * JJ"^ ^- J "^ Cr^ jd J W-U, ■ 

jjj> 4-l»-l^3 4 j *' aj 4J1 • u a JLtj i4_a-iL9g 4^-l5-1 ■■■ a i fll***-! t(u 1» o — / 

■ jlUaVI 4jjjU < ijiLJI (^J 4-lC.I ii^itl CjI ixiialli r-LL>Jj . aUajelll <jju5> 

JliLlI i i.-alL «* SLlLI I Oil aJ.! (^^ Vj " J U»j~ J3.I jj-e i rf - j SS ■ ■■ a J Sjjjia 

^1 iiiSLil J»4»JI tj a^ajL^JI ^k. «LJL3 .1 1 nil .3 a ln',11 d a^pSJVI 

jli .3 nnnt ajjjii u mr <iluk LT k. (j_>^ Straighten Laojjj Sj^Lill 

^Jj ■J'j ^ ■'■ tl\JS r-li=ej JL3 1 l>i^ I j * S~ Lj.i -», i | _J!La-i oJlj La ■» I ■ '-* « II «JuS> 

. 4_&c I i a a j M->- 9 J JJ '"- a j 
djkK^yl^. ^j Ixj iil ^1 (jjj all (jl j »l altll 1 8j *«j J * ijj SL! 



ajjej uij ji^ .j iLjJI jjj« SjjIjJ.1 4^oJI 1 dili 4j^sL>JI ojilll .j .,^«Ij« ( 

d J .' f' •"'o^ '**• ■"■ i_pvi (jj« i(Hard) « ■ • » ■ a » JiLo ^jj-l . ~ 1 1 a , ,-» j oL.-JS 

4jj_^*£. JIS il 4mi» (jic l^iLasj ^.<u ^oJI * Nanowires 4j^jLJI 

.c_^.UVl ^iJj (>> Vjl. .(«v_i» 7-8 
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^U1L»)J^^ 




5000 nm 



(0 



<L)jL>J 4j£JlJ &jjj£ ■ • i t\"J (t) :jj-« 4U£Jtt Jt^i <_fUi£lt 1JLA lJJJj* J»*a< iJjjJ 



(32) 



i£3±ill (j-LwiJJI 



; ^4 A*\±-* ,A , ...lj 2U^Jlj til^Lu'l ( LJ )j ttj'j-^*^' 



3jLi£. L$jl Jj * *'• . 4j_jjLjJI lLI^Lu^U ■ **> ■ ■■ ■ * lJu^-*j » i/">j I i iS nj >4jIJU 

4aj12 VK il JLJeU . jLuVl 4j>JLi jUo^i tljl j t Lv -v ixjij OJ}< ml ^ 

Li3 J iSjUJLC jjLuax (jja I j^jt--" (jlSLaL) dJ^Lu/VI I'll" ^ j «"j . 4 ojii" r naj 
jjjSj jLafl iljj 3-^j'St I CjLaljiej ui^Mj LgjJJ (Jj-i^^II l-1 j I U U q-oIjVU 

jjSLojj . 1 j<M ■ ■ -j ,Pt (j^^ 1 jf ' Au Sr^JJ' 'CU ^LtiJI ,Ni J< jilt 
jl Si (JjSJj i-JI JLa iCj^t i<->^II «L iil jljjo^-i^sLic ,jja Ifliijliej iLiajt 

. i n~ r-li,| (jlSLal dilj ^1 L^Luajj a a1'.j»ii LgjLi^a ^ ji ,Ga a^JLsJI 
. U^^^j ,ZnO l£LjJI iji,i<? Jjfj »Si02 oj<jlj..ill 



,-.i:;„u-tt • 

3j'ijj-.<MI j jljaJlj tljIjjH ui^jl^lll (Jjs JuJLaJI J j-»JI » ii<M 3j j^a 

/^a Jj" ■ "j ■! ^"^1 (JS-uk i_ d-IJj i ( _psj-«JI I J— A j-'*"" J • j * i^il 4 jitLUll 
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Tuisjjo jjj L»s ijjILuij-il^iIi SjLs BjlcLs -» La ■ ■■ uji£- 4jjjIj ^jj '^.' j^j j 

3jjj» (jric — 2jM j^jCtl Jj^JaJI |_JJj>-Lj - I J.'J'-j".' J I '«(« l» O — 8) J^ i'iILj 

.(«i_i)) o — O J^ i"ill) pi Sjln 




L^.jjfcjjj Ijiij \*~i j«J GaN j*»_iJLiJI ajjjjj JiU 4j_u<jj Aj^j'u kiIX_ui! (1) :4n«i 
. ' InP j»jjJLjVljL«iu<^a>_»Sj>i (j-c iiJ^a .'.ia ; u (,_,) A3-; (jrU/ lj JSLi ^ 



-.(jL La j£jj lAjiJUl l*J>Lm.>U 5jI ; V..„1Ij 4_L*IjJI oLaljiei-i-uVI ^J 
5j x» loII ■"'* gJbtJU « jiui" ^ A 4 a J V" uxll '"'^Jj" ' "J J ' 

.SnjqjJI ^j^pSJVI 5^>-Vlj i ,Mil_gj>j'l ^ Microprocessors 

d^oLkJI dj^La^iLUIj 4_j > I^j lj> < Cjll dj'Cj'iKjU j iLoL^SLII (« taJI ■ 

J^LllII ^ I jAjUy. «_a)JLI .Nanorobots SjjJLlJI cjajjjJI Sj—^Li 
« u»». L^JLWjJ (3i>^ (1>^ ^ jj iSjjLLj uJI j»ljjVI « ^ «i<->jll 

. 4j^a_lJl <Gj_jj jj£ t_il uail (jLjiJjl 

.Quantum Computers a- ! ^j«'C1l 

5jUlj'aj~jA!l 5 _,,„,, ,T,1I L>Lp-JI icliuo ■ 

.Nanosensors ajjiLJI cjIh.t-Uj oLJ,„^II ■ 
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Jl 
- ' -»■" ■ ■■" ■ " (jjJI TtjIj-iiJLj 4_/^L>JI "Ijjj^jSJj I Jj ' ^%j~T1 jjljj 4/C.I ii<-» I 

ujL_*JiU Deoxyribonucleic Acid DNA ^j^iJI u>»«-hJI J^l*^ ^ 

.<d 4_uljjJI ■*■! A.ysll JUjL>lJJ 

LaLaJjfcl ^JLJI I £>-jJjJSu LgjJjl (_^l 3 j i <T"i 1 1 (JjI uiil (jja JL*J id iil'-ir U 

,^1 jljll -t ' #>Us ^ 4vaJL*J uiil SjjJLUI 3_j J^Vl i_3JL$JJ . Ij_u£ 

J J '"''* '■' ^ J^»" J^Li. (jja i^Ujj '7" ,,,VI i_<JL1j ( _^3l^>. (^r> ...-».ij ^jjjj 
CjljlAjM 'j ■ ■■!>! jl Cji Jljj^S (jjs 0_>^ "* 2jlc — 3jjjL Cil im^ jj^a 4_oJ.pi 
ajLII Ttia ui !^ojjtl (jjJ (jVj-><j i4_jjL-i d^ajLLaj 4JL.L-. Sj^ i^-it » " «iVi ~ 

t-jIj-jj id_j___>__UI j la ^_c 3j^_iLj '"'' .'J. 1 *- (j^ 3 4-ilJja ** *\ .' tj_3 ■>■ i <■•< 1 1 J 

CjLJLajJI 0JL/-B --^>-J » i <ij iSj'v .cLilj-La^jlj J j .Z (ji_i L-bjl l-i^t __l ul 

->j^-*-VI -ill. (J-*-!-. ^gj—jjSLJI (C^ljjJI (jja ..-■!._.. --tl 4 J^JU 2_u^oJ! 

e^UaJI ^ * - i~-~.-tl JjJaJI • 
Lr Ll ^^jLlII *}1 LJI 3_5jU j ^^'"" (^ 4voJiiej uJLI JlJ-^' L -' 1 ^*^ 

4jlxiUj L^ii^ Jj-^— ^ jIjJLI 3SjUtl .'l-i ...t LaJaj ,d'.jU:~i jljj.1 7cJa uJI 

Jl 
l-xj uij^JI i'iI j'.S'i lJlLsjj La 3jLcj . Tiiia uJI 3jLaj p^UaJI 3jl a ^jja JS 

^3_0J l"iJ*V- i4j^jLJ1 '"il .j <^tl ^j-h.| mill 'n Vl I nil t_)I>J Llll^ldJ jl i4.J-ll j <^j\ ll 

1 'I - "I -~» ■ * "■ -"■*■ 4^ajLUI ■*■! 'j .-~.il | j^ CjLijJo (^yic J j ■ ^ **■ ^ I jj^aJ' <9JUk 
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4>t Mk^y u*i 

t3_4j| 3JlCJ oL-a - uaj ^u cM-LiJ! 4 njlr> i £J 1 rj'j^ij * I g'^UlS f-LajjLj 

4j m ill (J^3l_jjJ'j Jj» ,",". tl i_Sj^Joj CjIjL£>.VI 9jyi La^J iCjIjiajjLiJI (j^a 

.JjJLiill Lk 4JVI jf 3jL»II -> l$J ^jjljj iJ ^l\ 

jl^Jll L*it ^4 Catalysts olj-i>J.lj jjK-tiUI jps t( «j>UI ^jLUI (J*j US 

liiljj iLjJ^JULa *-3jJ 4jjLx»jSJI i^J^LcLdill 3_j fl-»J_a yjj-*-> 1 3i ><}.' i iihjj (j^Jl 

pljjl (jolacj (^i U «-"J->jj I " J " 'JJJ 3->Lll' W^J^J-^ i^^P ill' W *J. Cy3 

•Nanocatalysts SLj^JLUI cjIj^>J.I ^ ^L (-s^jlJ .^1^*11 d\!u &» 5ju.l>. 

.Oil Refining Jollll c^j^Sj ljLUju ^Li*]! o^LcliUI LilU L^ia 

Cj!^>Jl>Jj /jyi^ w£> 3j^""* ' ^ ' ' "J 'J cK 3 \5^" ^^ UKJ 4jajLlll ' - 1 1 j * -*n 1 1 p ■ ■■"■" 

: ( _ r L La 1 4 « g U l _^olj-i«JI lLUj (ju 0-°J '**j ijiS'll 
CjLjj^>JIj CjIjJJI jjjta^ta JjjSLj La i4jJLc. «Ja ul <L>.| uu Iflt'm" I 

.ujlj^iaJ,! till; Lj<l'r<"i ,^1 4_u^LiJI i> jjfc jl»j« . Reactants JcLiJI 

,4_uL-«-i£ Cj^LcLzJ (jf oVjuua \-$Ac ,.U'it" ^,1]! j«j*^I 4_u^sL>JI 

4jt*».ljjl t—ajjI-aTjl jLtjl (jjjjjLia |J7 ^ pV -»~. 1 1 jjLiil L^>.jjj) iS j ■k Sjj I 

L2J3j dl!j$ -al/-l A',1 1 jl_jj,l Lkj^c j^j ^,111 uliljji>J,l J^LiA CjLjj^sJ 

.oLL_)j>JI i'H'i jUoif jLlj! L _pijjLlI. 
.Adsorption jl^^U 2ulLc Sjj^ 4j2LajUI ol^i^JLI .Ml'm" ■ 

.■.ia_, ; u-ti • 

I g iS 1 j t4 ij« a CjVI 3e a ( _ r 2 4j^jLi!l Cj\j ii -*i 1 1 oL^ljIoj i ■ ~ *» '" V 

: LjJoj (jjs lt-^' 1 4 ii I" V 1,1 Cjl ajjlalul jj^a 4jj_aJo 4^uL^ 1 ' I I'm » 
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. 4jjL^aj£_jjJ1jJI <JL>Lc.LLuaJI I 

. ^ I a^J I cLlojj I 

CjIj^HI jj a I t j ■ *-.^l V.j d jijj^JI tfl__jJllj 4 Jj^iJI 4 >JL*^a ■ 

, 4_t>.jJ^ ; ijj^SjJ,^J 4^-iljojS II 

.(jrtjvjjJU^JI jLkJ 4J_)itII jI^LI ^lljj ■ 

.^IjjJIoUL^I ■ 

. 4jJl£.VI Jaia-j r-Ljjj ■ 

5 « i ■^■', . „ 1 1 PCIajjJ^LjJI hJ^j^LJI JiLa4lj i ill Cjljl^JI ol m-w i rtjhjjB 

4j*oLiJI ijljjjl viilj^j ,.-.ljL..,tl a^I^C iIjIjLliJI ^^c SjJajjjJI ^ 

. S^LIoJI Oi^u jjjij 

. jj^jU 4^1 fl" i ill CjVjJta Jji2jJ 




184 



ufUlloLJl 






(£4JU1! uikft 



.-.ij'.y.tl - ^1-^ . *-»jj j <Lj uLuijfl 

i-in'iLu ^l Biotechnology S—j^jsJI 

liJJjj . 5 aj a > i^uljj ^yjjl <^jI£JI LM-i. 
.!_PI AjitU cAi^ 1 LAP "U t>^ 



>AJI L^_ 


i, cLiIi} 


.-■l.-t„ 


» a! t^~ - -.1 


^ J*Vl ^ 1^ 


J^UiJIj <iiUoj J 


i p ijjVi 


i>» L*>^ 


. j^j L4Jl>.j 1$±j> 


<Ltl ir-)ll j-i£. 


L>UJI 


,_iJ$il 







187 



m i nLi <_3_jjjl1I '(lr^"'J»lj iCill (^J (»jL*JI i— aJl-»-"i1l I jufc f-LLaj ul JU3j 

<u]l stJJ^j o' '"Bionanotechnology <L_ ^^>JI j_JLiJI 1 ^jtj •.<-■« 

ftLp. jlj pLj^jaII tliVLacja ^^i (j-t i r, i ■*> ->■" 1,1 ^yl ILs-LJI ^1 rT\tt\ £ya l_>JJ^ 

(^Jua (jlc dlljj i(«_JL«JI ^ dj'nrill ,jjjl J LI l rtl'Va (jji si jo^llj 

jl_jil 4j3 jf (^ i<jJ il/ <XJ i_) J ^J -L}>^' ''^ Ljk (IV J_9^ JlSjlII Oi_$-i lm 

i^Uai ~ 4joj^J1 j " *■" , J'l '^* CjLflU_Lkj (_ 3 <J a \ ^." . .. 1 1 4jajLijl 

^i£Vl Jl«3 .Bio-nanomaterials 4_j^LJI 5__i^»JI jI^JLI p u,l l$Ac 

4j « 1 «i"'i La (^1 Ijjaj cjjjjj i4jaUll lijLse-ial (JLt^a ^,3 IjLajjIj Ij aj 

iaLtill CjLal Jlsbj__oiVI jj^a JujLtJl ^^3 J^i-jJJ I j"l Al 3ju_p3 (_^ot^». jjjo 
JljI^j l 3 j >_L»-Vl ^j mi ■»■ 11 Oljiinll ^J-o (_,i^J .j' ■■■VI *J ~ ■ ^> ■ J S I »" 1 1 
^yjj ^Jl (_5 jJI j aVl i4-acl ij-<a Sjjj-aj jlj II Liiljj w "' — ;1I al »1aVI 

La-a i^xaj-ilj Z 1 /*y Uai jL»j| ^j^tJjlJLa ^ ' »"■"■ V 1 J '■" raJoJI *j ^ « ■ — 
4_L iill 4jLuJI ajaoa-Jl jl^JLl 4_a5 ^^A^. L$«Jjja LgJjlcLfl 2jL)j w *»j 

.Bioactive Materials 

10 j^c. Jjj V L ^>- (j— jL£ i^l Lj^L>. jL*jf ^^jijjLia jjl is aLlj I a£j 

^ji\ I LajLi_>I JiUiajj Sj.l«~a el^».| (j— a i—oJLjJ L$jT j) iiZj l^iaj^SLix 
^£JJj-jJI *t5>>- ij^a <Cjl^XsajLj a!«r«->i (jJJ J </->*i 1 jJjajj^SLjJLI (_gj)"i i m a jj£. 
i— >l jl o<11 3'-^ aJ Ol *— *^ 3 "_? . Cjl^jjajjLJ 4 mo-*. 3-%-i < _ y J| 4 "T~** J "~J |^-*-II 
(jj» tlj^k.1 ^j" ■ ■■ " ^^ic «ujj (_y^»JI (JjISJI f ' •'-"* ' I J^L%J 4__o- jj^ljj I 

4jIV11 4JjSU1 S^jJtuaJI 4j».jJajjJI oljjj^Jl liilj «_a (_lc.Laall aU__uLLa 

.CjLLjjj^jJIj 4j^ojJI ( _ > isLaj>. VI JiLa 

CjLSjjJoj (_y3 jjLiJI Ljjw^Jj i^'ij ft Lc jjj j>ri jl^ '^ 1 I Jufc (j a j 

S\jajj>J| iJliLiLajtllj i_ijLbjJI 4j^Ij^»j 3 usL^Jt Sja^pJI I j ->-j Ij '■^" 1 1 

Ciljj*"!! i.> ii->j j^a t LgJi a i ii (ji-ij-r i~i"ij »JL3-Ijj| <L^>J( 4_iL>JI ,_Ji.lj 
i±jjJl>. ji i La l _yij L ^AAi L^jjL-s] £j£. 4-a^k.LiJlj Lj^aJ ui (_j-i^ 4jjUa!I 

■alkali iita.LLlI ol 5_. ; U-.tl jjl a 1 jj t LgjLal ■■■^'»l ^ jj-*- 8 J— !*• 
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(_,!£. LgJj_l^ (J ^S (J^Sj (jnjV iLjJIj T-^L«JI (_yfl 4.aJjeZi i^JLI 4j^jLlI1 

(«jJl51J 4jliJ! oll)^j>. ^J Jaa-aaJlj jOiM-».lL> 4_pJI L>LiJI 3l>l^l 

L^U^SLa (^JLt i «j.~.lt ;;,<s 4-lJj.s 2u^JI L}L*1! <jjSUI SLjIjo.ftll 

( _ 7 B aJl2HJI ^?jJ 4JI LAj- LiJ yr '^"^g • 1 jla« a I ^^^ — "■ ^L: 5jJL_dJ1j 
4j^__iiixJi I j*. ^^-^ {jjJi 5j At-. II /»'i jl jjl^ U, j__jLiJI ij-^jSj *.<*j p l<» 
3jj uJI <-il^ JfLa i ( _ 7 ^j^»JI *Lls-^?! mIc (j^-tVi SjLaj a <JLiVl at-a ^^JS 

<4jjjj*J! g, L-ajSJ I «_a 4jjj-hJI jJLjJ! I j ~^-j-Ij i'v" (Ji-I JuJ (jlS JuSj 

jj t-»" ( _ y 3 jjVI ;ja<* I ^^jj^jsJI c-Lj^-VI («-l£-J i<JjLLl»JIj 4jIjjJI roi^-J 

f. I j jj I <Lc 1 i n-i Lj3._jjjjij ^^ 3j j &■ 3_^ala (JjJLao (_yJ I J La-J I d *J.'^.' 

Lj^Li- (jJI tl^jjl (Jjtxo^j 1JI1I jlor ^j 3 iJLsLflj Sjj^3 (3>i3 jl£ jjIj 

4jj_L>. i ~'l j ■"■ (•*_' ' alj Jlj-ajiilj lyl ...iVI ^ ■ ■■■>- u^L>- ,j-a 4iji< 

(Ja. JU (_yJJI UJJ (1) ° ' ' J * ' ^">3^a "> : *"- l J £■) J .,,11 j j^t 4__aJusia_9 

J)ar I 4j4jjJl jjLJI L^>-jJj <^~i t (jl£ 1 4__oiAj O^jJI (^^J .(jJ^Ijl^- 

PjjJojjjj «i s 1 «~ 1 1 i-i!jl<r~, iVI j^a Sj >t' . .. a cjL>-L>u 3j^"* * ' tr^ .> J ^' 

' •!-> JL«-o (jr 3 4j-»L». njLm I jf I c i a» (^yB d ■»• , i, ill I <L£.ljj ^ ... 1 1 a 

.(jLL^Vlj 4iUI ia-lj^j 

$ 4jljJI ' ' k* * J *.^*^t t \j( 

tj? ^ 4-ij)*!^. Nanomedicine j iLUI l_Jq ^IU.r->a jlsej ^oJ 

i4jjtjjj|j 4 _i j U 1 1 Cj I -t- ll-i i n 1, 1 4-«jlS (_y3 'jjWj lad" UlSLo J JJtJ 

So'flU SuiLaJI ulil jjjjJIj 3jjWitl CjIj a^^il J^ ^ Jjj — 2j jfj 

Lojjju '■'—"' jjl LJJjI La I jlj .3 j-» ir->1l 4jLcjJ!j 3 j j U 1 1 j j^LiaJLj 

djl ji!t**i (j^a «Aj.ct a 4 jl_> 4J5^»J i—Sj ui£ .— It^ ■ ^.t I | j^J I ji.i-ca 
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J) I «~j La (JS (J o i~i~i 1 jjLLll lj-»-jtj '^~ <lki^o C<->« 1 f-23 4^j*J-»- 4_jji> 

^1 uuj^l 4>irt tjn ■ ■■-».J (jjl 4_jjsIjJ1 2-a±LiJU 2j ; Ull .-.VI -~tt. 

UjJajLc (jit lj-^.jtj;<".tl i<H3 <jLiJl>.| Jl^j . <CLOA lm ^^ic JiLii>J!j 

3_L*Jba 3 ^ '< S'i tZjLcl^'-^lj cTjIjIS! jj! /«jJl33 ij_>^-" '- JL * ^ ^'-4 -*-^ a 

iSUI^ 15 ^.-.iW^lj ,2007 j^L-iJI ^^m I j>_oJ>^3 
jLjLa 146.4) a^Ldl 2>*».Vlj jl>aJ iuKJI djUoJLI yJU^l ,>» 

<j^» (O^Jtl L$J)J"^^ £j — ^' '- 1 -* 4nn-rj I a L7 i£. JJ J j — jjJ (jV_jJ 

. JlC-Ij Jj ***■ ■ ■■ "_j 4ljuot^» CjL>-L>o 

SjLjIj ililjlri-t. (j^ii-r'rt jjLill i_Jo .alS i4illijl 4_iAl V! pJ^J J «j»J 

pjfrLflJL (J^alS ^JJ«'» (_y^ i~<l iQ > 1 4Xo Li 4 jjln 3_^jj ^jJJ f»_JjJ' (oJLaJt J_j-5j 
( j£, jS-lI I 1 o MiStlj ^^ij-r i~~itl CjL-i-flJ ^Jj-Lajj 3 j ijt^~.ll 7-^LtIl <jjj-*a 

oljj iJI JiL>- <Jt <LLA^jj <jLj ^jJl>J! (j^aj .fljjVlj ^.polj «Vl 

iijjej JLw^a ( _ 7 __3 jj -*" t ' jj «_^j •■■" - t S'< 1 1 ajfcjjjj . *1j . '-»! 1 1 .'•i\l .11 

jlS^JI fj£ ' " ' '*"' 1 ' ^j j"' A ^ J " '*'""->- 4 JAO^Jl ajLiil ' ^"** J 1 " 

<JJJ Jjl^'j (*^ <_^*-' (j^ ' " "i k J 1 rtji^jjjl aj^j-wl ,jja 3 a.tiyia f-lj II 

. ^\^lm jl». (j-1^- cjLjj^jAIIj (jLjij^U DNA (_gjjjJI (_^<9L>JI <.. 'j^^Hj 

ol i^jLhiiJIj (^I^jsVI lIIjJ Li< 4£jjl» (jJJ JL>J! 3.J.U. I jjk (J-stj 

Jj-sllj Jjj^JI 4^jjl>oj f- ...-wtl (Ji-I j 1 j~\l ^ ~j I j'^j ^- 4 j^j'tWjaj 

f 1 .^t ^ 4j^JI L_j>LiJI tuLj)^>.j djLj)<a 4.^-t.L^JL 1 J<' 1 ■ ■■"■ (_pJI 

r-LuJ (_y^ Sjul^pJLl j-»JJ1 iTjVjm-a (1 — 9) JSi uJI «_Li»jja p ...~-tl 

JljI^oJI ^& ^ I . -i " jjLJI '^^-jlj*'^"' CjL12jj ^ » '■ . — I ' j jal ^»tl^ 4jjJ Jfl 
si 

^J LkJJL£. (J^aj (jJ'j So'^tl ij^tJI J^l^aj 3_J.L«Jt *ljjJI LIjK 
> ^.^--.a ^\ 2000 ^LJI (j>. 5j -.ntl JiU. S*Ijj 400 <>« cjjJ 

. (1) 2008 ^LJI 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 j 



JL«^i_^__l£l > _iVl_lel^t/>__JI j-i_aJI y_JU»! : (1 -9)JS ■'■" 
- 2000 ,J\j 5j " all i^d^jLUI Ujfc.^Jj'i^'i uil j'*~^t* ...ij t ^»:.»t < > _■ a— Jt j ■«' ***' 
LaajL^l —Hi lj_<_dj^i Ala -'j ■ »'■ j *'~p"* J c - ,l 'j ' •■»") 2008 ( »L_JI ' —'■'— 
( 1 j«ljJI j->->ll J-4 «ia-....n «jj__>.yi .',r.i_, .u 



t ' :atl -|J'j-j : -"" t J*''' t ' - ' t - 

Jl_^a y - ! "ill !jl i ii )>U "<*JJJ j-iLiJI ' J*^~J^J ' ul ^ <*/Sj j; LaS 

(JS _JLj I j j j"j "■ 3jl_[a SjLII _ilj ju <if.^_Ji J^L>. (j^o 5 \).\y ''■!»''- «j 

(^ 4__>l_« (jSj <_ 3 > j i l-v — jl __> I ^fl» « jgl_> (_j5j _•* ; ■■■I'll «jc_>J|j 

j j<lln«< 4~J__ cull jl^J.1 <ll_j_ ^ (- <-» ~tl ^jf j_j .4jlir»Vl Sjl U 

i -ilj-U > ( 1 1' (j_t!ji».j _iljj_ ( _ r 3 3juj jjJJ 1 j'l jj jj>. - 1 x > I j_ul__j 4 j . Jr> 
.4jjkJi »l infVl I J^L>- — iL^'it a >_a 3- .' ^ Ij J—tL—Jlj LgJ — i La-fl 

_l_i 1 j-..,..-.<l j^ill <LaaJLU ^j_ Sjj^ill cj_u_JI tj\ ^^ _u£_ <L»j ,_p»Jj 

(JjI _jj r}— J' Jb-k ur^ 'Lh^ _ilj__> <_IJ Cut J_ 4___il 4jaJL_l jl^JLI 

^^jiSLlI («jjl2j ,__ajjSM jJbt L$J jK L«£ .4jti,-i1I 5 (ul_Uj 4_jL_ > 1I 

4j__JI _iljj_JI jj_.j 4lt jL_jJI !____!! JL*_ J_a L_a 4jj__jVI Jj l-sll 
. cl__l (j_ jSLJll (____Ilj (_,_ji___l ^ ia. 
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L-iJojli L7 HfJ <±*xa. '3 mUU dVLxIl jca! JL»-i ^LSaJI 1_lU1 JUUJ I j-A 
<lj» i(_pD^J,l t±jajL>- ^>-l^J (j' . .. iVI 4-r n-i ^j^jlII jy ■—-^\ Atlj t Luo VI ujljLj-a 
i sl .*:.<-. . ..VI . 2;l.~tl 3j.UII ,-.1 .^.j — ^tl ^jj 3 » i ^.', ... 1 1 5^>.VI J^jj 1 - ■■■" 

. ; Biomarkers 4_j»j*JI ■ -■> ^ -M<» j_^>j JM-J* ^ J&j all j-£-'U 

5 Ja.a-**.« ^f£. 4j^l&- Cjl^xij JjjJLv sJuj Ij^JJ -1-*J (_ 7 ^IIj ** .'"j * o^'j-^^lj 
. ( jia>j_LLi <GjL^sj ,__, i"i ii"i u}\ LJLi. (_gJp («-ut>JI u& 

i>«J^£i ^jlc J>«»etl>^4»ttl • 
jjfcj ^LflaJI i-JoJI fl Lai SjLjj ^ ^iiVl iJjf ^jUI Lo. ^Ja X' I jl£ J 2J 

4JLc ^j^j-^^ll Sj^».| I jj'* ■> ' V* ■ .." SijJI 4_JLc ''j'^j** 1 "" i3>k . ul.r, ,,.! 

el^JK] ^ . ^ . » ~" \ I >j£. ■ *^j i 1 1 ajljjl L_L>.aJ&JtSj C^3*u1 JL9J . 4-1__uiLlii^J1 

^JJ_p ^j" ■ ■■ ■* (^ jji'll ^ • ■ ■■ ■ 4jjLla ,J!Ls »4_ii3jJI 4j iUII (JjJL&llI (j^a jnti 

,*jj *jJI jj-a 4 m « 1 3jL3.lj Sjiaa jj^ 3t3 J^L*. (jj« j«jj (_£ JJI j»JlII (_yi jj £jliJI 

«jo a.a *»■■>■ mJJUlij V jji i<-> jl^xj 4 1 1 /Vi a <Ljjj^pxll 4jcjj i"i jjylt IflUl S...J 

!_yl\ 5j^>.Vl 4JLA Jla » j '" — "■ (_yj aJlSjJI mJJjj (jl jtViit.1 (^aj . JLilJI i_i jLgJI 

iaJlLI <LLal£ Sjau^a ''j-^Ll 4_3l»lLI JjJLselll J" ■**■! L^jLaljLJtj ujI 4jl3j 3jLj 

^IjjJI r^LtJI ^yi j»Jl21I) ^Jjo 4.«jI"i aj <4jfl 4x.IjjLj Jjjj" i njljSLl! Jy>-J i ,ii "*ij 
• £^L*JI 5/lfl Jl>^ j*- 1 ^ tijj- 3 J J !•* < "' *'>*■! J5^>- i>» tiil jj i La (jjOj—ai (jja 

(j-a till jj i^^j^Vl ( _ r Lc 4jjjLUI ^itjjl Cj\^j uJI J^L>- I JLA JS r-ljj i_3j uij 

djejj d (jy i£. Jj a -«>U jjlitlln /« uil l^jjlr jll-ij Sjjiifi JjI>o 2>4*-l J^-»- 

jtjlj ii (jja 4j*jj i («^>- (JJjlu V ^ JJI «^Lu» ^1 IjJaJ i«Lab-on-a-Chip 

JjL>o 5j^La .la" « ~j •(« I» ^ — 7 J JS Mill ^yS Tt-Jaj^a jji LaS ii_ij^uL»JI S^jvl 

(jii->.'i (jl ujVI aJ (jja I Jl*. Sjji i<-> 4 ijr Jl>-I ,_jic jLjjJI I ju* J^L>- iyi j»jjl 

r^j*J i'ij-w 4£pj«jj5Lija imiuVI ( j J a 4S nlii J-uajrf_J jL^>JLl i " 1 1" a (jlj^>- (J^'j 

j 
■ m<i_j» L — y\ J\ i"ilu (j\j-a ^A Lai .j»b>:ll ^j-«-»All JaJjtxj 4 ijtll L^L>-i JU 

j^ 4-a_L-di l .11 jLo^VI tliljLiJ (jMjUlj^- 4x.Luo CjLll5j (^ »jiaji\ ^jl jilj 

v^a L^j3 jali (^illj .Microfluids Mj^i«j^SLiil jjI^II (tk. tylc i^LiJI cjLuLIoJI 

jlj^.1 (jJJ ^j! - r)i.l 4jlar «jj iSiv 4iijiVi Aj^iaj^SL^a ol »j2 ^1 jLu».VI JjI^jjj 
lgi^«i L^v^aaJjI^uJI^S^t. ,t /■,"n") ( _ ;r lll 4jj)a~>iUcjlj j'-r II dx.LU^,^ ^ijSajLnj 
^1 >ljLStLu/l (jjj^aa jLi>.VI cJliLiLiij 4j^L>JI 4jiil!i qji uVI j-ujj ^^ir. I j'"; - ' 
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i*_,jj ,»li^. J>U-. -i^«JI l*>5ii- jJ ^ _J ^Jii, J^l^. ; 




, M _ __ _ : 

(ujULSJS I^ia i_dJ^4 ^ni-^ iji^^iJI wli$£ q i L^li«. I ; 1 1 1 a aj L>>^^ (l_j) ^ 
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Lj5L*j L^J^L>-Jj 4 a j I n 1 1 tfLj^Li. jjji'ii 4Jir»J J£ (^ jLmjVI inm-w <»>Sj 
SjJjjjj 4-i».jJjjj ^ jl i /- ^ 3 i^Ujj iL^ic. » 1 i >"i oiVlj I J lj ' ;" jljJLI 4 g i -l2.il 

4 1 jl I 1 ' 11*1 !^S Sj^UaJI <Lui^LuJI jjjO (*£>!' LT^_J *(*^ "^ (* ' "T^ ^ r\>^ 

cJljLa 4_Li*>i (_3jL>JaJj ."iKI - ,!!. ,-.... A (jLja-t ^ iLiJL*j Jl3 4J1 VI i4jlpjjJI 

Genetic (jJj* <-fl1>*jl jI>jjj £j-»-*j ■j^.-.-i'tij LlJjjJI ^^x^^l rLl>o 
. jJjj ji i. , 7-j V ,^1 5j^_jjl>JI L^LiJI jiu j}L* 4^£. p •* :_■ .Mutation 

iSjjJj*. ii>i-Lj LgljJuj jljll <LsjJl3JI aLj^Li. Jla ^ a utsJI J ? a 'a\ (jl jf 

i^jp (_^JI JjjujJIj J^L>.VI cjL1a£. 4J^j <^ «L>ijLi!l SK.MI La ^ | jujj 
43jUI .^.„-».ll ^ 4j|.nl,l 4~iUUl diJj L>L>. Jz 4jjIj_J^ oLol ,-ail ^JS_ 

<J 1 t~J V «4_uUoj lu 3jJj» I Jl^J SjJjJO i4jjjjJI p b*'.\\ JX.Ij5j J^J^I (j c. 

S^jII 4i»jJLI Liiij l j2> Lg£l .m'XI i.it i<->j 4ljft i~jl^"Laj^j« 4 « , U . I fl-) - ^ 

4j'lt-»j Lj^Li. SjjiLo i^jl£~uj »j_jjJI «J-4 J t " La ^li-j ...j i4jLusVI |jja 

l^J i*i.mi Lj}UJI ttJ^L-j 4jliJo j^Ac jj^JI L^jaIi jjJj .Cancer Cells 

lt^ L5 J iJ L*^ '*JjL*-* ^>>l eLuacI b}L>. ^ j! 4 l^oJ i_)Luail jihtll ^ 

.(3-9) J<m.1I ^ jj^j^s jjk L»£ .^LUj-oi Tumor ,»jj jj£i ^1 4jLuJI 






(^: 












1 




LMiJI OUI,,.rt")Li Jli- ^ ^-iUJI ^Us^JI j^j^JI j>la" Ja-ljJ (3-9) JiiJI 
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Afriitill tiki! 

Lj}L>JI jJ j jujl>oj i_al .iuS'l 3 jUr jl 1 1 J a j a ^ >^ajjj 

3Jl ma Jl*j 4_iLl^>VI (j-o SjSLJU Jo^lj-ll J^L*- LgjLal mn'tlj ^jJLLa^j-i^Ji 
<43j (3j^ cs-^' J j .' ' 1 '■' 1 l*i r*!-?-^ j LuaJ i^-Laj til) jj 1 1 j '■ aj 4 • » ■ -» 
^j j « < -*» 1 1 lj^L>JI 1 ' U~ (jib |«j j-a^ ' 1 j'al *~Q ^ja 3 /> 1 ■^■". ... 1 1 ^J ^->- VI 
V lill jja i3^j£»-Vl 4JJJ jllaj £j^*" «jLc jj^ ^*^ 4« irdjgJLtj Lajr-i- 
, LkJ_»3.J 4i in") uloljj iIj^jISo .JJ3 j_»£>J tj' -' J V *J ' ?l mi^'i Vj LiJjJu 
d j a Salai*. iJJ-4J jjLLa^jjiJI (jc jjv j 1 1 < ft i^iS II jl j^,^ i f I i~i 4-aj (jjijJj 

■ '■-■■<; V S.uLLs^ljJI j»ljjVl pfc».» jf ^1 l^J^i ir^L»JI ct^ SjMiLmlj 

4 a V ir"> >L%>! (jJI Lgjabej*.! Jo-iaJ LaJUC 3^i-LLa CjVLs. ^^JS VI Iflif 
LbjLiaJl J — flj 1 -■ I i4-uUoj intl Lj^LiJI jja (j-u^Lo 3jiC (_yic (_£ji»o 

r*> — »JI (jja 1— 11 uaJU j li-itlLl 

Sju^a ol flLilj 2jljjl>- I sLaT^JLlII 1 jjv^JjJSj o^-Lj! j ij 

,j-a 3 ^ 1 £*. a 4__la (J^L>- j-a jLLaj mil ^S_J,I ^j a J 3e "~ 1 1 .-.t ^1^.1 

L&jlc JlLaj (^Jl Nanocrystals 4jajLi!l olj^LJI ^ lmIi c-ajjC jl^Jtl 

Jla) oMu-aaJLI aL-iV «Quantum Dots «L L a<JI lL.LHJI» ^ ^1 1 ,i-,/\ 

(_jjJij ( 1 a *>^c.j >CdS ij-jl-- ^jjjijtSLJI jl CdSe uJLiL.u A&jbajKJI 

i4 iii il ■*■" a jL*j| CjI j (Jl> 1*1 VI 3jjjjS (Iilniv 4^1^ ( _ 7 1^. I A j jidJiJ («JJ 

tiilj aLat»-t (jyJJU (jjl l^lajj . dlljjjsaJU l(Jj 2 (ju Lfcjl L-i4 1 rjlj JJ 

L$Lfcjj Lava !4jjL>.Vl 3jj II ''tjl --■ -'H ■ ■■'■ Ijpli .4jaJLUI CjIj^IJI 

iJL^* - ' SjLa (_^l I ^^ ■■ " ' V 'Sjj o'lfl 4jjj-n34j»_a 4j^ mi (j^»l_aJej « ~io"ll 

(Jj^afll 4jj_L<aj ( j^>l_a__>- i^X^- J J ' ^* >■ 1 ' (J^ tlH'-J . <— i^-J^sj-l' *'_■ '■" 
3 1 mi i 3_3«_>jlU jljil « Jjjj <o a i '"ill >o i n-*ill Ij^Ls. ^J&jju aJj£. (jl a irilj 
^JjVI 4jtiLaJI njrtjjljjaj ( iili" 4jajLUI CjIjjjjJI CjVjjjj*. jLa i4ja i nil 

^f 3 .iJ."*-M 4^a.jL>JI dJLjoJI Lai >ZnS ^iijjjl ■'■! UnJ u ,jjs 4JjSL« 

.Si0 2 Kjlni.ll 3jLa (j^a 4jj£1j» 
L^LaJL 4-loL>JI 3jl ir»l,l al ni-wVI PEG CjLljjjj^j Jja-»a ajjj I juk 
4jjwjL>JI -- U....VI ( _ T lc — _^uj (_P-J ' J^ 1 * a *J ^ ' '" *** ' (*JJ — 4jjL13j_ijJI 
JJJZ i I jJ .4jcvjL»JI I j ■— U ■ .. I j^jlc ' , ' ■ '^"j 1-iJ (3^ L7^ Cjl M.l**«Jt '— U"1 
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SjLiaJLI ■>! ■ ■■■>-Vl jjLfl ""''.'J.'"*-^ i ' ll~i i^C iXS' "*"-' lJj^"*" **.' ' .'I "^ ^ ,j •*"- 

p^2j ''^.'J."* - " ~ !•* ■ '■' 4-3-11-!-! I J cLuLLsj^aJI L)^M_>Jl CjLlJJ^J ^jjS ■* *"■ ■"■ t ' 

C - 7- " .' •LuLLsj-uJI LjM_>JI *3lj-a ^^Jl ■*'! 'J,"*-" 4_j»^jj ^^ J-iij-il JJJ41 
p ...■~-tl jij^jj , 1 it a, lAj (jjaj . 4-1 1 inll _^i£. uM->JI (j— « L*>i^ (1)JJ 

Ijufc |Ja«J ij^aiJI ** j * " pl-LJcj u«lj »lj «w>Jl ("c-*i t 4. ,~.VI ( j j9 CjLs^jJ. 

4jU«o £_AjHj3 4-jjUoj imU LMJJIj Sj^v^LI CjI ijj-xll <-dij SjIjI (jic 

Lj^LiJI JL>-1jJ (j^Lsi 3 Sj ^yicLj Lg-ilc. I JJL2t» sLLaj^i. SjJ-uo liJ Ijj 

j I L^LiJI aJLA ji <«-> iJb 1 1 j * n_jL-aII ji>>iILj LajI mh'iIj 4jjLLsj u<JI 

j-^ct 4jaJLill jljll (j^a 3-. t — ~~ - ■- 1 1 ollill tfjtgj <jl£ JlSj . LfcjljLC.1 C-JS 

Molecular Imaging ^^jJI ^j^i^'iH ^ J5L* ^jlSj jl>*j ^ >iVt 
< AMi^tl (_ya 4^usLv ij»>xll LilLc j i^i'i'j t^ JJI pljj VI <^t ^^fil >-a i^JJ 

jj^LiaJlj 4jjjVI 4-ojLs L >utj > IjJja^JLJ 20 <j£. LfcjLta^l jlxjf (jjijjLflja 
4-loL>JI 4jjjUJI jl^JU p j 1 ■ ■*"< «j JL^j .(j La J? I j ScLaSLJI <Nj-»» (j^a 4-ulaJI 
4jj-iaJI ollujjtlj 4 illieJLI pLfcjwVl j__s p*M^i ^^J^LSjJI >'! In 

ol -uj^^ill pL*^>-t £* iilJ j£$ <p ^?JLj * ^ y j 1 1 Biomolecules 

nl.il (_jJ3 4j^JLiJI 4jjjVI J i"»"j p ...-^-11 L^j i_j|_loj (_yjJI L^jjSLjJIj 

jL^>- (^>C u ii-»-"11 5j — jjs lfl-»- i<ij (_g JJI Uj-aLaia.1 j — *jua (^ic 1 1 — ^»L^a 

pi l^>-! ,j\ -»>>-j fjL2j (jjJI t p "-"^JLi Immune System 3^ c.UJ.1 

pl ut>-Vl jjjs «JoJl>- 4j,a >-"l_JJ l^o^l-^JJ I JJ^ ^) -* ^ 'J a i4-iic 4 Lii-J 

^ 31iJI LiiJj r^i •'! (^a j-«2 „JLl p.tn'M j-aj . Antibodies 5jI tiail 

^JLill Lt>.^JjjSj ."ilj^S'i ^t^ SjLaoaJLl sljjJI <cl ii/-> jjLa i4-i^jJI jljJLI 

:3_JtUI bljil Lftji 



tljjll *■ ' (jjk^^ijJI jialjlll 4ju-j ^ SjLjj - 
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Jjj^jjJI £yt ^IjjJI j^Soi J^L>- (j-« liUij itljjJI 4jo i ii 4-i-t-u-i Jjt"' — 

^a ^4jjIq lijjSLlI jjjj (j « 'Ifl'j*.' 'M "iM 4 jl-^ll ^J 3j uU> 3jj in\ 

. (Ti li.->llLl <_£jj«.| '*" t~-» * 

.4-iL^J.I piu-».ll Ll^Ljej *ijjdj SJUiJI JjU.1 J-JJJJ iy3 (>»■■■»■" - 
jjtinl J>L>- (j^o *ljjdJ SJLloJI 3jUI £!>*■ J^i* (^3 fl'v-r-'tll - 

4jJL*3 ^ Sjl jj ^'nj Uj» .4 I iLiiill oVj ■ ni'Ctl aI i^a jUa^I 

CjLcjj-JI .JJLC (Jj12j I ■'-.jjj i<Laj}UI «ljjJI 4_u»£ (_jiajjiiejj <sljjj! 

r l /i *.lt 2 i j 1 U 1 1 

(jl ,„'i>U ^ ...AMI 2JUJI ^ S^iJJLI Z UJaJ I j A\7i,\\ Jl_»3j 
■-■';j;^'I l<ll~1 Ja£. Sj'C/lK.ia £j jj IjUa. Vila L_lll^VI Cjbl <tf».a.< 

i_ajjJoJI ■ *l~~* o >o Jaill (_, a ^ j Ull jL3tU 3 '.j< 1 1 2 SjSjJI 

xojj i_jLjj^V! jjl c—sjjjlX! (j-4£ ((jLuiJMJ 4ja-ljJLl 4JL>Jt .~<l .•->«! '-.^j 
(4) 

v ' 2_jj_na*]| J| l^jVI tljMflLj CjLL^j. Cj\J-j£jj ^ j ;ii3 (^C 3-ilfc 

4j^jLiII '"■! .'J;—- tl (J.a.«"ij i^l ^la jj£jZl\ 4_JLc *■ 1 1 n" I ^a-LLa JS. uu 

jl^jj s^AUaJI .'i t- J^. j^SpJL (5) ■..> ^<vi obl ,M, 4J£JU 

JuljJI t_flM^l ,Jl£. J <■«.'.'« < jll ^Jjj j>» a^aOL! 4 Mimll Jl u.jVI 

lj^J~ ■ ■■ * I 'lC Lo-ilj p • • au I La^jS_^j J-2j i-iUjjJ iUjLus 4J9LCJJ ' J * " 
rij-U Jl Jj£.Ij 4jiiiflitl 4JL>JI CjLu 4jla jiiVM Lu ^.j.Ull jj£jjj! 

■ (j-iajj «U j»laJI 
4 A. -I« a I i~~...l. (jijj JjLuJ^U 3 ^ ... A : 1 1 4JL>J| 7->Lc (^c. Ij>.ii.i« 

yj "JL> -^ 4-»alC a ^a g^ .', . ^ jtjQJ (»JjJ' 3"***" I< *^ 1 ' "** 4j-*-^£. 

4J\iIL i>jl uaIS-1 («Ij ^JJI i. ■.,.'<< 1,1 4£.LU,I (jljLSia oloj-L -.;•■■" HIV 
jl uui JjUi'i jj^lo (j^. tiiljj i AIDS (■* ■■■!■ i_3j «_l3 4 j^jLjoVI 

£j i j jj V (_,"->- tl i^ij.i tl > > tl oljS u^L>. ^^J] ^jLoj f-i-«j u"Aj - 

3 r, jU <>jufc r'^ K - ! ' """.L3 - 4j>.LjJV 3jJb ■-■ » JjaLi^a LaIjJ !>Lfi,L>. Iq-j.U' 

( iJ^yJ (j^ 4-aJ-irri tjJ.1 4jjl_La_iSLJI ^IjJLl Cjl .ijj"^- ^L -a-->-i jiiin ^Ic 

. l _ yi jJiA\ (j^jj^ill Ijlo> 4j^I£J, 4jloL>JI 3^.U?I jjiLi*JI 
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i_<jjJl1I t j J 9 Jj "jl*" I jj i<lLu3cjS <LujLv CjI^jjLj JSLjj 4 iS <i a 4__lL»J Sjua 

Jjj^sjjj dj*« a 3ju_^fl tA>^ jlSJL>-l ( _ 7 ^ 4rtl"iT-I,l 4jjjVI ol^j-ui (jjJaLijj <jl 

SjLjj jt <*-lj£jJ <yS ili-laJI AjSljujS'tl jljll CjIoj)^ <Lj coJ 3-jLij Jj/ia 

4"m o i ii 4 1 1 hi (J j& '-iljj Lt^! t£ J Ji '""-* O* 'L^dJ - ^ LkUoljLij (_,jJI 2Lc^_»JI 

^xSLi«JI 7^1 j' " j^jk*"l - ' -»"■ ■ ■■ 1 1 ^ ...jijll J^jlII jjLLII 'j->-j'j''^" JLajj 
iJJ/Io ^>£. Lii! jj A-lJL) ^jj-titl La^sI^j 4 j in') Sjljj (J^l-i- (>« 4jjjVIj 4_ulaJI 
T'jLxJJ (J^ia- («JJ-5jj I JTj\j L ^"J r*>^J *j ^" ; " ','j" •"' ''''I '•*-" ■■■' 

iJSJj (Jjxojj djljlor (^ 4 * ; " "j 5_^A djl i-Lxj ^J CjjI 4-a I ji" « j 3jCi ia 

SjUI <^j1^j>^ J— iJ <jk- SjjLill jJsj ^ 3 1%-ti ,Drug Delivery *lja_JI 

MH Lft>J£. JJJ fUn-OI L}Lx (^j» Ijntj 4jL>. (jJJ eljjU 4JLloJI a.jjI.yu.S'tl 
Cjzj i ihS r-UJJj p ; -i ■ -»"■ ajj i (Jul I J j ■■■■ t _ T i« < ^ . 4^Loj 3^j£ (JJ9I j^J Ij-ijiLjjQ 

(^ LdJljjia. iJ^l>3 ttua. Porous Polymer • _-<j" > I a : ^i.„. ,-.i jn i ; ti ( j j8 

f tjjjl 3jLo oLjj^x (Jj-i., I ) ^- o i n") (_,lll 4j»LulII <~ilj-».^tl ^a i_aWI CjIj inf 
jju3Jl!I ^Jl L^Jj^aj IjAAlJ ,-iVj ,...Ctl tf JlA (JjLIj *'"*j . L^ixl J j ^" ■ ■■* I 

(^JJ »I-..V.VI ^ fjuj 31j...<ll jjli .j, l^»JLj 4».>Lc. jljil ^IH! jt ^itU 

ejlil '"'^. •;;**- -i^^jJ 'j-k-'J j 1 ,^.1'tt j '•, ,*.\ CjLjj^jv. ^^JJ «j *j _■ * ■ -~ i-'J -^-1 
JjL^lj 4*^0 J>*J ^ U^^ "^J^J inXII tlllj %J uJ Ji-I J fljJiiJ 4jjLajSLII 

Time- ^ -j ■■■■» ■* *^-i^3 •— j* j-*-*j 4^«Luill L^jLfca ^j^ jtu~j , ^ , „" LajJj 
Jais L^ia 5j^.Ij 4J5 ^ ^Liii (ji u±±yi\l uu I <^a . released Drug 

i_3^jjj .djlj^a SjulI La«jj I jjUI." ( -j Ji Vjj r-^L»JJ 3j_^ill <xLajJt SjlII Jl^^ 
. JjjLflJLI Sj'ma 4jjJaJt ^j^LSjlII f9-u.Lj (j^/l 4j>.tjll 4jjjVl jjuft 
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^■■■jUI'.itl jjj^Vl JjJl3«JI IjicXV 4jjjLill <Zj\ mj-nII i-iilj ijJU JlLaj 

ftljjii! 4JU-1II 3jU.I Cjlxija. «_« Lg-Ls ifjjj 4j "»J Jai> *jj ^^Jl ^63(1)4 

.1 ijS^lJl i _ 7 -^l ma ^J,jjJI (j-^ At'iina 5Jj 1 n iS (Ji-iJ L«j» I igi*»- i"i r«Jj O-i^tj 

4 ii l-i i J jjisj^jjtjj l_i ;;k*ll a^2j 5Jj ...Xtl «_l^I (_>JajjJU Jjl D Sj y ■ j 

...jUl ;i « J>-*-l 4j^^Lc jljJU j 1 a * II I j" >« I » i 5-J (jPJlj 4j*-jL>J! jfl in-*ill 
jJji <^jjjj «iS II 3jL3 4 j mij ijji !■-> uJj-iJ J"-^ - f il-f ' '"' (Ji^* 2 " L>^ L ^J Jj 
Cjljlj'i Al L^J I ■ ■ ■ ■■ a ■ 3 Ij , .. .< 1 1 Ji.1 jy SjyxjAI 4 jinjtnLum CjI iji'hJI (_,L- 

CjLstliJI JMi- i^ya £jj_jjl (_ylc *l^jJI 3jLa CjI hii. r»^-ji (j^ J «-*J 

' 'I «xl I -J -~n • JsjJU tLjise a <LuljJ ic^x. «jJl2j_j 4jj 1 n j\ 1 1 d-pal oJLI 

^ 3jljJj>JI 4jjjLi)l jljj.1 ^ JJl£. Jja'lj ^^ic .AJjVI tf juk ^ J*jl!I iSj^JJ 

IjMjJLi cLi^>L>JI (j-Aj 4jj|iij-) j ilj I ij^«*i j'iCi ■-iVl-v. r-Mc- (_y3 1 jAjUj* aIj 

^Ljjl3llLdL4x.lj^4^^L^I.J^L^VljoVjL>J > l^jfcIi jl^-jIltj^j.SjMntll 

Jliimr ^j^jjl ^LajJI JjvUJI ^JL^ ^l ^ .l^Lta.1 jjL-3 ^^ic jUltVlj 
L^j-iiaojf LajJI IjSI ^-,UI ,Vi^l<- 3l/il<lla La^llajj -» «a .<*-.C 1 ~,-,j^dlM-^j /. 

^•Mc (^Ic Sj jlSJI I4J Neurotransmitters 5_u^ac oU^ J>Uol J}U. ^ Ly>^ 

. (jIiUl^jl ^ j' ' J? J " A J (_£■* 4j !;->*' mil 4 J I i^tll ^jJ2>\jJi£\ £y*{J<~>*} 

^jjU'i/ipljil jlv'.^il II jil ', tL .U.'-ij-^ i^'a.j^ ,„1ljj z^* ...lljjU'll^ \li <ll'i< 
4jjjU i'iI ij i">. (jj« i_jjLu ^jjJIj n_g_^<iJ II iU|-y"ill 4jj JJ.I 4-uIaJI olj inVinill ^0 

i4x.l Jii-J (^jjJlJI jjALojJI jj>-L>JI jl^l>.l ^yic 3jjl ajjSjjJu^aJI ^yflSjitil nfl 

«_a^jiLJ,! ( JjsljLl!l I j I — j*u 1 1 -».a Lu|j ■'■J'^-l }j aj mlljt UjjJlSj ■"■* ^^t'l'ii'.j'v 
. (jj-l^a- Ji». JLJ (jjjl QjJ ^ 4 j « i Xjj 4jl jj l^ljlj4 ; ^jJlcliLLaL>JlLdJj 

(jl^^uJl jj» jj 5Uj^jJI ^iLi/ 1 ^JLJl ula 
^it- J ...ti-a^gigt^^ .^-:...ri^_. ^i^-ti^t^tia 

(jijjjjj 4jLzsVI (j£. 4j»^.Ll!l 4 jIUJI 3LsjJI tliVjjLa ,jl JjMJ ' » ■ -j 1 1 (jjs 

4jlju J-Lo^.jft L4S I ui 53 ' " - 1 te> A 1 wuS v-uju jl m i h> '^t 1 Jj'^ I^Joj aj ^LLojjjlII 
JljLa l _p»^JLI Ijukjl 4j3jjus I lojI Qj -*-t I (j^aj.Aj 1 «— « r Li (JJ-2JI (Jj» (jjuaLiJI Jl3jlII 
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. 4^LJI JjjJL, oLa*JI oVL»J ^1 £>4*l\ cy> 45UI ,> 25 ^ ^1 n^i 

(j\jMi!l Cjljj uJt J}L>- 4j^_<itiJI 4jii>. i_5JJI jji*C1I aJlSjJI (j^a (*^>JI Lr^-J 

j^jl^jjl (,\jt i^Jlj ^^LjlLJ (JjLtva AjLdJ jlj->-5 (_jJJ JL«J (»»-_JJJ (ft] 4^jjuall J!a^>JI 

jJjjVI <L>JL»J, 4 a J VI uAS 4jJul5I]l j^UI (jpi n-flj/*-* ^A LaSjS .(jiojJJ (j-a 

jjufc-iLtll (JJj-lo (j^ Lalj 't^*-l>^' J^it'itl iji/^ 3 (l^ OJ^ O' "! 4jjLL5j_uJI 

. Radiotherapy ^LuiVI ji .Chemotherapy ^LajSJI 

jj£i (jj^ Sj'iIUj ...II aIjjVL 4-i I in 1,1 «ljjk. VI (jl ijtjj^oajJI (j£ u Icj 

d ^jl...ll 4j*jjijVIj LjXJjl (j^ La^jjlj OjjjS La I jl lillja Jjljjfcl] 4-U-ul m-*. 

4_ti^>L>JI tillj ■-■ij*....l ^jjLuJI (jy-iJI oLjjji cuj jj>-lj) t in'^ > I JJ .^ ui-*itL 

( j j9 La <j!;U;« ^yj ^j^li ^ ». ^LLj mil j»j_aJI jjlc 4ioj(jU Cj JjLjfc/O (jjj 

4£.Luai.J (Jj^la O^- ^^J i4jL«ail 3SU;II ^yj Kt—,. 4_Jt eLuaiilj f ■■■■^.ll 
4jjIjj>JI SjjjJiJL r-^L*jl» («-j-*iL> L_fljju 4 ijJ->. ^ j '■ "■ 4ioj^jl^j |_£jljj»JI ^jjLllJ 

,_LjVI (jja l^jiS 5 ; ;~tl tf jjfc ,-. U^i a_i$ .Thermal Ablation Therapy 

4jjuiHJI (3>IaJI (_yi^ I j *j *"■ C^jj [''ij-K iSjjjjJI >IjJjM (j^ el i^oil ,_y3 

SjjLatil «La_J uJI L^LicJJ ^j-ajjj ''I'j* Lj-Lc Ttlu I a Lulj ^^lll 4 fljjjJLI 

y ^ l. A VIj ^L*Xil jr^LJI J^uJ* ,ys JUJI ^a US .AjLuail LMkU 

(j^a f 1 1 ur I jj'a A-lieiuij j^lll i4jjIjj>JI Sjjjlll 4jjjls (jl ^Jl iflLuaVLj I juk 
r-^Lc (_yis ''J 1 ^* ^* J^J^J ^J>$kl 'i^iji^tl j»Ji_jJI '-t'J-^'s 4^Jj 4 »-^il Jl^jUI 

«juij>JLi (J^jjj J~^~ ul jLa f»jjJI ' jj a l>3~ lt^ J i2jl>.qII cjVL>JI ^j^** 

4ju^jj<j tljilj .^.j- Sjajuojj LkjJJu 4JLoJj (_yJjl 4jaLi»JJI 0Li^L>. ^1 ^t n" i a 

^ jL>. fLijjl JJ i^Jjj ijlfljjl kiilj j»l JLJti u/l (jl Juj .4JS<« U1J>JI *I>>-V 

^•^ ■•• Cjl^jiiGj 4^ii>-j i_^l^£. 4^C f^'j La^a i- — *-H L^L>- Sjl^ja- 4^-jJ 
jL> jj^Jl) ^yij jl ■<l*j*.H I o^injJLi Lava i4aJ uJI 4jb uijVlj L^L>JI (jic 

i4jj_paJI aJ-^J r'^LiJI i—^jJI u>lj (2>^ 17^ o*'^"' - '~H (jj» (0-C.J-I' (_,— -l^J 

Jjja ijl^aJI 4 3»_p l^j (_jjl ijjJJ.1 4 aLLJI jjja icjjjja j^ ■-■«* aI Jlsej uilj 

JMi- jja 4jJJ^j CjL) JJ j JLujI j! i4aJL«JI till JJpJI Cjli ijja^ajl j^S CjLvjII 
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jfct a.lUi^i* La Lajlj .3jfl7.il ajjt jl VI iAjjj^SJI j)l 4j mjUliill CjVLtil 

<4jj^SJI dA.^j^W f. ,„-*.tl J-» ... ii ^jjjjLwu »Jul jJILa J Sj» itl 4 jintl (_LsIjjJI {jj> 
L^aLts-lj Lj>L>JI jLijI .4 jjjd<l1 i_iUaSVl «-uslj>a ^Va\ jLui-l ^ 4_fljJI 

■ LgJ <L&»l^ll LMiJI (jjs L*_>j£. (jjj LjIjjv Ljiil ig'ml SJj jmll qa qmjJ (_yjJlj 
llLIj jLiuj! ^ys <LuJ_m jjju^j i-i>jjl La^_i£.j 4jJl2jJI ■ ■'» ."ilj cjli^»J,l i»_ub JS 

. 4jJliajjJI (*'jj^ TT^ 1 L7^ J-^J (J^ 3 - 1 cr^ L^fljjiaja 4 a I ii'i 1, 1 4jj_jJaJI 
(ji*. - LJLx ^" i~*...tl 2j.ijly.ll jjjjJaJI AjJi.! (jl *UJjJI ,jijf , ta'q I JJ 
i_i!c.i <_,£ lS-JJj LijLijJl {y> JL>JI jf 4'ni^.ll fljjVL i'1'iiiU - Lflia tljjLsJI 
j^J 4jvL>J| ('it i'«*>I «j (j-aj ■** IJ^J CjIjjjGj SjL>- 4j A ■■■ jul ^1 (jLjv j! 
f I .U^tlj ^jUa^jJI j»j_jJ! J-fr 3 (jr^ f ' "*""' ' ""' '<>-*_'-'> 4j^-^Lc -liLtiaj lJlJojj 
Ujutj^l Lstla I ilUa i4jjlin jLil ^\ ^J i^U J iS-iJJ ij' UJ- 3 O- 4 *i^ ch'^" 
l_L»VI ,jjs jj'.^H jJLUI c— Jo .'.Ij'.y. i-,lif i jlSj - lj ■ ■■ jLa. ^^Ac <j^>JUJ.1j 

(jjo Lfcjj£. (jjj I AJ^-J Iflta (_LjLl1JIj 4_iJUej uJI j»Ijj VI i_aljLflj luI (^ 

Cjbljja. (jrlt Ojjjwi i_jjil TuUit! » ja-v. iZj_tSl ''''J'*- i4jLuall j-J^ I— jMJJI 
La. jJj i"C"< 1 1 j-A (_jifi 4j*jL3J! Jjj Lai! 7"L>j j ".II j_ys £»</-jU"l I j| ,_jjLtiJ| 
Jifl 4-a.Lvj 4-ia.jJjjj jIjT ^1 jjj (jjo 4'mi^.II L}LVJI lillj J^k U& 4 aJLaiU 

.4JL*J jl Tf^jJI »Lul (^i l£j Ml J II (<l M|->lll (jyit IjJoJ 

SJja1« p-ljjl jlijjl ^jJI jjLJI Lo^jJjJSjj (sic ^ftJej (^ J-4 JJ.I j.iii"ill jli 
L^L>JI jlUj ..., )_3jj«j La 5JljJj j^3 (jd d ■ ^" •*» -*•" 1 1 4j_JJjI LlJ^Lu3_«ys /jjo 

Lij.nl ,jiJI olilloj^JI ^IjpljJai-ij^l juJ (_$JJI Astrocytoma 4.j.o.t-;1I 
< jJ.1 f ljjU 4jL^VI cjVU (>, 45UI J& 40 ,>. j^l Jli y^lj , jj.1 Lj>Li. 

LojAJ . (J^jui pljj Lo 4-fliaZa /-B Lsjj I i&SLa ^L^L>. jJ^-O frOa-u (J^jjj tilj jjw 

4jjjh^> JiAj j-i . ..-wiij (je^-JJ' L>liil i^J J (^ (*jjJ' ' J-* J >»-j u' ^^ liLiV 
^i IjJii ,4J y ^ l. A VI j-^UJI j,l 4^ ^Ij^JI <>UUI <ys fr LL>U 4_kJL 

L^Li. ^ 4jL« ijjj j»jjil (Jj^jJI . al ij'. ...VI jyj 4jjui511l (3>laJI ljIIj jJJ^ai 
.3jjL« S^jl... Lj!>L>. uiMjl j)l JLuailuil (^Jl LJLc. ^jjj Liua . jll 
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U.S. Food and 4^±y&\ a_jjjVlj 4jai:Vl 5jIjI ■-■ *«ij j2j lju* 
j>IjV..,iLi jcj^xoitl ^c 2005 j»LlII <ya Drug Administration (FDA) 

LjUo U — ul <jVl J**j (J jJI_j (JLtJI ^ ej^ i^Vl y\ll\ 4jjjI Jia-I 

i^ilj JLla ^Ltellj ajLiel uuj i'-.j-w ^alll (j^J ■"" P^* Cr^ '<"'^" J iH £jl J 



frlin^TI (^ LjjjjLflj Nano Gold Particles 4jjjLUI <_uk jJI . 

■^j • n 1 1 I(Jj3ji"U i-J/aJI si ulr Ju».| a^^I Jjlj <LusL>- .Sj'.IUj ...11 »|jjVI w ^ 

2008 aLlJI ^ jojjJI ^*u.^« /jj-"j' a jj;N ^jbj 3j...;-^tl ^^Sj^jjoVI Jj^VI 

i2jI mj-v. ( <ijl->jj (ji Sjju'll e Jj4»J till jj iJjjL—uJI (^^j^jsVI (jjijijjJ! Jj£ (jja 

5,hi»JJI olin-xll .-.U^jl j^j .4jJLLj lJI I Al A.th ■tl-.^ll^-.tli.tl c_UfcaJI 

l_oj1jl3JI lZjLzLI^ (Jpji p ■ "^m i i^^ Ju£. i&liaJj L^j V 1>laj LJuljLdJI p ■-' * 
. 4qjI mil L^L>JI ^yi "Jrt^- 03^ J" no (^ ^iIUj ... II j»jjjl ' 'j'^'l 4_^>._jJLI 
l^£.l^j| (jja jJU f-^j ^lc. 3^' '^ "'(_, lijkfrJI (_,<! iiitl)) IJlA^I 2_flLiVljj 

^1 4 ■ , „'i .Nanoshell Particles 4jjJUI oLsju^JI '"■ | ;j;- ~IU.^,. SjyjuJI 

. J^ i'iII 4jJJ^3jL*jO 4jjjiJ (_£jJI w ' a I ■ »tl t^ .jCj'i 

•" . - . « " ? 

Juu «Luj*JJI .-.la 1 .-.II i<11" (j^a 4Jj£UI <_jul JLoJI (jl ^ ■ <!■*:■ 2L»j (j-uJj 

^Ij l( jl — LuJ^U <jlA>lii\ f-t jljVI Laj^? ,^1 4j^jLUI jl^LI aaIj j^jl ^ 

4 j i 1 1, 1 oljLgJtlj Cj I j j -r II j <i"i 1 nil aSIjjJI jjja (jL^ojVI ojlii'inil (^jLa (j n^ «") 
SjjLajJLI ^* ■ ' All i" t | . ', V, I I 1 2 ^ ^ , 1 1, 1 4_ 1 jiL a _m i*i l A . ..I Al l * 5 . ^1*1 1 , VI 1^ 

i^i^»^^^. ,A.'>n, Vii.'iatt.'ii ,j .«^^j.^»r. 

4j^iLi!l CjLajuuaiJ 2-ijIjjJIj ixJoJI CjLLuIalll ^ L»jlj JjuiflJI ' ^ ■ ■ ■■ '■_■ 
jjjijlj 4j-sL>- lj -Aj a ^ZJ CjLtjoL»JI (_JJl>.Li Sjijlj <ja1c 4jjijJuo J ^4^- (^1 

U& (JLJI ^yi 1 11 ft ^yk. 3^—i ^5SVl 4jl«L>JI juu ^1 .Rice University 

4jal«1l (jjjl JlLI (jjo JjJl£. J^>-J (j-o («^J-II (jr^- liil Jj ijjUl Ll».jJjJ£!j JLa-« 
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^J 4jx4JJI (Jul jlSJI (^1J3 jlSiil '^j±) 4-mJj JLatlb Sul^ll ^jS-Vl AjILlII 

jrtjv Ij.-.-i'i 4ju»L>JLi 3Jllu,VI Naomi Halas ,jjVLa (j^^jLj /ajj ■ ■■:*!) :^ 

ISm mil SjLa jJjs SjjjLi 4jj^S '"■';;.'*- ^j'Vi l jjs ( _ ? jje_J! LgJajj3 «_a i * i ]\ ai 

120j^o^JLJ 100 tjryj rjl>IJ jLLaaf Cjlj - Si0 2 (jjCjIj.-H i^.-Ci ^15 - 

jjtf-vvj 4jiijS 4j I'm i a ijtji'^jj I a i hj (4 — 7 J Jv ililt «ji»_jjj . I^LqjjLs 
(7) 

ijji CjI m i-k 4 jl JLjJI (^ j— LJej ijij^jll (JS[ <ijl fjJS O^+a j_jfc La£j 

iiiita Amines oLi^si Jj-«j>o (Jj>U ,yi I<j-»-U 0,1 jJLo ^1 KjKi.itl 

.Corei_JLUI ^ ^,1 L^k. jiLj ^1 5 .j.-n^-^jl-^tl -La ^J| w U:-.i 

. . ' ' 'j ij *-* /;jj>-jL>Ji ?e_La wji ^ ■<* oLujs ^ I * 'j j " j" 1 * »-» «-« {jj&jj 

JsLfljJIj 1— i I jlcv I (^r^- <_JL3Jt SjLa CjI m !■»> SjJLS (j\ , n-*~\ Ly i£. Jjsjj Lgjl ^^fl 

^ i^ia^jlj 2 ^ylc 1 AjlUal jL»jf 1 jjj V ( _^ji\ 4jj^SL1I i.iftjjl Cil ;;;- - 

jl.iJ3 ^;;jj-- «,' *Q <2j1o tillju SjjSLa 4_L3.jLiJ! Ij — La ■■■' l«* l-j ■ ■ j" 

^JJ I ^C ^ . ,. (Jj^ajJ <_u "j" 1 ^ <tAaj«J <*-LaI,I 4jxfljJi aj* A 1 1 S.sIjJj l£L« u< 

2_j ui_pll - 4jjl*Jl!I f-jJiII - 4-L^AJJI <L3jlaJI JjulJJ . Cjl^ia^JL) 10 jjej 

. CjljJLs^jLJ olO d ~ 1J" f-ijJ cr?"J^ (Jj^ 3 ' ""* ^*c^! ^3^J^ 4_ujjiaJI 

3'al Xi-.^UI «*i 1 p^aj Ltji in xJj 1 aga cLuUoj^uJI U^LaJI «_« >_ij^>JI 4J^>.Lls 
A ""■! ""j" j«J (^jJI ^sjjlII ^j ■■ fl ■ lj . (<nii-*JLi L&Ji^>.j (jSLal i " i j < i'i'i j iL&jljL^I 

Cil n_i->Ji (iilj ,j T i^i'i J-l>J1 jljuu niVI liDj ■>« IJ .lIiLujjJI 4 Sjln ~ La ■ ■■ ^ylil 
i_kjl j^ 4j3.jjj SjLuaJLI -1 ...->. VI ijjj i.'ij-v •' 'I ■ -— 1 1 4j ^SjtjJ jjl-a- a (_;,— S 
a-iLuaJLI L)>LiJI »U,„t ,-.l^ ; ^.ll JlajJ . JLUJI ia-Lu ,^1 L_iLfcJdJ ■ ~ - * . _. ■ -^ T I 
. ( J — 7 J J\ flit I (^ tus^o j-* Lai <L*^jil ^)JJ ,Jais 
J_jj^sj {_ya jSOtl Jl*jj '((J^' j' oLcL-u i*"-j» ' j aljla iJL)LcLj< JjJ-o -^J 
I Juj i (Jr iUaj,i.»iJI jJutJI £-^!j-a i— ila ^^3 4_i-r j'l^mVI L^JLSljja ^1 i_djllLoJI tfjuk 
«Lu (_>.j^is Jjlaj s;l^a^-Jl iTi^ 1 ^ * "■ ^' CjLv^a ^j-a ^.jjjJa L/ i , ' < ■"■■ Ai ■ ^*j' ■ ■■" 



203 



JUp V 1 1 -I-*. S^jjuaS 4jjjsj S^idJ lLUJj i4jLuaXI ^LaVl j *» ' Cjl^jja^jLj olO 
SS.Utt 4Jj^U 4j^jLl!l i-cAJJI CjL-i^s. l> ^I -^"-1 JjJtAJj .^JJ^J ^J^J Lyi^ 

l1)L>-j.s j-aJjj '""'j^ '^i)!>*- 3 alio (jJI L^j 5 nVig U Sj^j.'-tl d aUaJI Jj t" 

LoL»i; <jfll^ (j^Sj i4jjLc 4*-jj 42 ^5«j (jJI Jjuail <Lt>.jL>JI 1^tI-> ui) 3jIjj». 

,j .u»il l^j , il ,^tl ^jilUj ... it L^LiJI Js — j j _■ »"■ ^ ' jL>- (jj ~~ <3> >,J J l5j^^ 
SSjIII (ji 100 (jjj 4"iiin'i cAusj . J^l£ rUcJj Lfc^uijCij 



i£^-» U- „*j*> t>* "•" "j"' 

--ia 

i 





"AW -V-" J» 



,-,i ;:; ^ JJ ,^^-.^ «j. ; -ti^ : i..n,-.ij u^tij;,.^ ^j.^j-ip ...j- (4-9) JSL^iii 

ScLi£j Iaj^I^u-sJLjjUsj—uJI j»l_yVlj^.jJ >'"'« i'.i'isca ,. ii--, T ' ^j; ■*-'■" ■ ^ ' ■-»" 
Jjlj^i ^ *j ■*- ^if UJ C ~ T jjf j I ■ ...H ^a .~.t . . .«- j 'fl— " j - -^ ■*-"*! ■"■! ■ I t~ ^_£ A^Jj .jL-alj 

j^Sj^iukjliJI l^h ,,.1 Jj-abfu^lj^J-aplJ 100 i3 i£. a_jjj ?j[_I*aiLJliflj ji^i 

»u ...i^i> ^ .j-.i-.ii l _ t ^jji "•' _j c _-j -j^ji^p''-"''- '*."('. ')r u ■■■*>"■" '"^ '" 
7^i- i^iuaui.,1 ,j-v y -n.-,i ;J ; ^n.<n-,-.i-, : Ai.u-ii,-,,^ ic ; i : ...ti.-.t ...^ 
■"■' ""^ , 4^j*jl3Jt TtJo^VI jji^ <Ux£liJI ljL^JI pgij""^ . I ^«ti f jjtji^{j^j^ .(_>-^L«^jlJ 
20j 2 i j>i *j c i ■■■ rjl^-" 4— 5^Sj OLLJo rt uit> w '^ 4 1 uttj L^jjJ t-ii_l ju d -J $ 3L» tc\tj ...n 

^1 ■^'■"' l '-; 1 J;;J - 1^"'J M; - j-« ijjjtjjl OLUjOll . 'II".— I ,.,•., <ll\ i .jj ( >j |j_^j^jlj 
lIIIj ~V*j~ .-..-*- I ■ I ^ * ^ j ' >» ^" (_A J c -* 1 jjS Y ^flj^> 32L1 4^i£ ) 4-uUaj_w UM^J **'■•*'* 
biliJI i >*'i ij-«ISj> ^^JJ^jlaillkliLi*^^^^^ 1 ,'^tijljijijti j^».»j a~t^i ,.,».vi 

• ' H M it_tL15LII I^LA ■ ^^j ^ > t* .-lj > a'i . W'tj a ^ . ^.^\ -j JC .^.Tl .j 1. ^t \\ p.-^tl . ^ i'iIUj ...Tl 

.(2ojIj ljjLm jj-4 ^VIa <j Cju*\J& LI LoAj 
«^a_j . (jVI 4j1c ^yk La-a (_yicl ><u£ L^J Aj^is oLvj-ftJ |»jLiII tjirill (_j_AJl1I 
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. j jSJ I j ^rujjJ! JlLs i^uoJI #L*Jaci Lj^licj Sjjj^ll 3j\^Uj ...\\ t -%\\\&\\ 




LiM^" ->*-^ 7t-**fljJ '•"-' 4— aU^a a ^ju ,j^i cjJl^I 4-lj «J ^L- j^--^.* *jj ■ -■» (5 9) J g ■"■ Tl 

JSLiiJl j-LaJi) B^LbXI (*U^>VI > <UjkjL>JI l^pjeamjl a£J3 Ubp ■■>>■*-"> J.^.- ^jUI f^-MU^ ,..Ti 
f^— ■■i.i.-ff- ^l^j^l ^ji^. djjLaJI *U ^j^b j-uitt fjJsjjtJ f*j5^J ^>>jL>JI **•* mJI ^yix. hI^IajI^A" 

. ( i_jbSLI I luUb * ^** fl_3 *t" ■ -■ ! aj )C .T. Y 1 ^^^^ja A^fc^^J 
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C ...y\\ Ji.lj 4ajjkJJI L2jLax>JI (Jjj ljuv 2_L1iA!I o_j uiill lillj J>>-JJ 

ij^LUVI cr^ Sj-yif) J£Lia mJI i_*j uJ V <LJLl2JI L^al^a {y> nLjliVI Julj 

Vj (ji ...Wl «_uxj au^aJa^JI Jol ujVI »ljo (3^'j-y 4->-<*JJI j-1^ iIh '-^ Jj 

(-^aJa-iJ (JjJLu3 34^ 1 JLl ■ r* -1 ■ ■"'' ' (J)!*"") (JS1 Mia M^t /O^Jl^jL] J_^-_9 ' . J 

{_yz L^jic Jj-ua»JI aj J £ Lijfc L$jJ1 jl ill rjljjjl (jl (yt (4__C.j-!l w t<*j 

^j'lt«j ■ ■■ Lj^Li. OCjj^^oJI ,_LaL«J,l (jljjA^^ic Oj^>-I OJJt'ia 4_lLojji tliljLii.1 

Jxol^j j? 4-oLSJI 4 j>LUI fljfiVl J>U. ^ jjiliil o—^ uP» ' U^li^l (j— a 

Jxa (Jlj^l 4LiL»jua Ciu^o-l>. »'■ '"»" "I ' ^ 1 flU L-ijLauJI kiJJj (_yi AJfcJa^^w si <|U1I 

.-■Ijlr.^VI JjS Lu3 I>£j£ LUj i LxalaS Jl£ liilJLi (jj^jj -Sj^ill *u (_jjlj^l 

.^jSVI (_ylc ,jVI jj^o ^"lini JUu j mill (_ylc LaJIjls.1 jh'iitl 4j^j^xJI 

t£>SLiljl #t jJlj^JLJI u£a 

(9) . - » 

L^jjjU-t- JjI^j3j^j$4K i'ia i4-La ^1111 fj-ill a_iaL>. n£j^ mil cljJlLaJ 
mJj! U* .A^jjJI aj^j SJHsLiJI 4j5I JLiJI CjljLJ] 4y j'i'i ciUja J>>.Vl Julj 4io, 

cLvjl ut& (y3 cl jJI I ji^j (2njl-»^all jl J^.1 f LojjIj 2_La uJI «Lj u mil" ^\ 

^ ...yj\\ i_lj uJI jjfc t ljJI I jjk Jujj .(j^L^ljJLIj JLoLVI Juc 4-i^Li. iaJLlII 

JjJjjiXIj iLaLc. /4j ZU (j-U (C-AjL«X.I ^jl^jjjjjjl (j-uULJI '■** j .^ .11 jjljiaJ 
^^jjS,^ tloll IJlA^jJjj.Aj^aaJI 4lill ^ll'J^^KJI Jmnll ^IjjjI j£. JjVl 
d_lL^> VI jU-v. £ya 1 '" >• I ■ ^ j l—O n ilnll ( _ 7 ^ 5jjU-v Jal mi a (jjl jjl^s. al (j— a 

mJjSLuJI *ljJI ,Jji fjjJI I ju* JlaJJ .a-iC.LajJI CjljSi ijJIj 4jjJL^aJI CjUejjJLi 

4l>.jJ.I J^L>- L^ialjX.1 mJI 4 alt j^jhl V a_i 1— il it-iU jjl lij x>- '3>JJ^ «JJ Lai. 

ur'! L? J ii L*^ lifljLuall j ^ — " ■ (_i lijSL; La LJLia I jj ^LoVI jjjo 5j£LJll 

.r>L»JI >i.L3j 4j 4jLuaVI iJ ^£. 4jjpil <Li^JL>JI jIjVI iicL^a 
511 .All ^^ j. ^- .-.',11 ^U^yaj"^ a l^jj^LaLgjjjl jjLjJI Ua- jJj-iSo 1 " 1 a 3 1 » I JlSj 
p-jjjjl jjjs m;j< mil sljJL) aJajjjJLI oUjjJI JLi-sjJ JuJL>o j^ic SjjLoJI iij^jjlj 
^^jJojoijjjjJj IJLAm^jI J^j.frljJIj^aJjVlp-jjJIi^jl ij-vt^yujl jijtjjju'ill^i^yjliiJI 
, A . si . ~ ^-~, 1 1 JJLalJI JjoLxAJ^jL«jJl l _^»jjaJLI (J i£.J(jVI ao-lla^riTnlla^a, >ii"a 
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ajJl2j (jit ilibejVI jVI (Jj-=«Jj -rM-tJI ^ 4jjliall 4_ii«)JI S^iiJI j yajj (_$jJI 
i - > 

(J^.1 jjx lLU jj <«-uaj>JL> aJj-^-jil <Ujw^!jjMi<ill ^j>JjjJI ,_)£ j^±£ (_yl^- SjjlS (J5S0 
. 4ju^-uJ 4JLl3 ajj ' aj 4_jjljjJ! ^tSLnjJI jjjs 4JIjl3 CjLc^>- ajJl23 

Biosensors «bj-uag ol ■■■! ■■■■>- «.;.^" «^l-»'.il lj_.-^? 3^^" j^j Iju* 

jjSjliJI 4 j 1 n i^jl , n a L - r aSjL>- CjLUal ii-r il (_gl f-J&Jj « '""i i n"i^« i«*»H 4jj*LH« 

£ya At* j* . ~* 4jj^LA£j\ m t a CjVj 1 ■■ iS ,_£ lZj! ,..! . ,.^tl i£l]j » i^»ajj .aJuu 

. (<un->Jlj 4 ii Vi i a (_£l -» t- . ,. (jit I d" J .'"'"' f^f i^ij**- > <■ ijSj^JI (j^al mo j ql ill 
CjLljjI 1 ii'hTI iflD ^jJij aJuL Jj£jAjl)I l$~9^ ' " " *"~5-^ llT 11 yj jlI^j 

(_^i J^-Lj (_5JJI l _ h Qj j> J,Li (_^>L>JI JLUI tJuL^JI (jJI ^;-« cjljLil JLuijL 

Cjl ml im-sU tfjL&^JjioJ l_)jL»<J (jV! (_J^J><JJ . (jljj 1 ill VI (JJS 4tj-*. JJ-i!l 

.1 .» 

<L»j^m icj_»JI *■ uaj aj rt'i'^ (jljjJL J 1 n" S^jI J^Li. (j-» r ■■■■^■^ (_L»-I.i 
4j (jU'n Ij-jjj M-«l i—jjLatlil lillj 7"L»u i_p-«->_J (j 111 uujl (j^3 jL»jl ,_y^£- tLij 

. |^J^ mil <:ljJLj tj-ul iflll J nijll ^yA (^J^ULI oLLa 

(jj^JI (>a JjVI JiiiJI 4jL^J «_j_Ja (^Jl 4jj .1JI Jj^oj (>« (*£->JI (jit 

(Jjj Mitlj ^j£VI (jJia-L^ll (_jjk 1 iliill (_>i>lj-«i cJlj Lai ijjj^iixJIj |^jL>JI 
jl .(-ajjjjJ.! jj^j .(JLjlII Jj ->. oLayi {y* S^UI ^ 50 y*± j—c j/VI 

j^i^. (jjjfcjJ! ^ys <2j\ n 1V1 tj^Su (-JI jtj>^j i. iliill (^pal^ol tljj ^ i uj ^jt < ninlr 

L) ^^"' (^Jl i^jjj Lo>» i^jiJ SJiLUI crjjlj iJlj <U£:j>U 4j|-^ljJI jljj >JI 

J-9J>JLI j»jJI 4^^ t_yz2J ,^1] i^jj— J La^ ■ I goiuajj 4j£.j^?1 i f ll"i ijjj^a ,_, 3 

"SjjljjJL 1 JlAj ij« ulaJI -I uac I 4ja uulj L^Li. ,^1 J^sljJI £ju« ui^VLi 

(_yi>- (jl ojt-J 4jljjJI j»J-£J ^j^oj < «J I (JljL«J .aJlII iU< i^ 3-iuj ^lt J ««j 

.-'l^;Utl ,<n-.jlj ;-.,., I ^jtc ^l 4jjJII 3_.... J '; J il ^L^Vl ia^j^a ^yk. jVI 

, 4j^>ajJI [j^'j-^J'j ^JJ^' jlju-ujlj 4j^4jJI .">! Ul^tl Cj^jl>. 
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ja^ljj ^1 «JjJJ,l 4jJjj>JI i_jLj uiVI JUJlskj ^ (^da-LII }$$>■ <jVI J £>£$ 

JMi. ^ lLLI jj 4jjj-J1 4-i£.j^l jljJL_». IJ ic Sjjt-i^ll AjIajJI CjLiJaJI .'I I' 

,- l LU/-^"a5 : :,. J UI;:tl < lj.na^'.l:ll.-.l ; _. ; ^ll,<lfi<j.(3_,«<ll,Ul;;llp^\i;il 

frjj ljji-1 a i i <-) jLLsVI (jjtdj j^j . i*il SjUll lilt (C^j^p ^>c j^jtl <-<> JuSJI 

Molecular Beacon t^j^^l jlilL <i , ■■' ^^J^lJI oLul^JI ^a jujl^. 

(Jj^ls {jC (j' ■-■»' ^ ni> jjjl L^JLi-jJ («1j dljJLajjb b — 4 ^yi L&jLtjl T-jl_pj 
cUJaljJU jjJlj (»3-iJ Cuk i4jjjljjij 4JLi£.jl j^i <LxjLu ajJI *-j» j **•;"" i LgJ 4J_i>- 
CjLJLlJI JL& Jij rUJJ njjJfcjJI i m i imp {j£. Jjj i iil,l ** Mi-^Jlj^'n-^11 pj-li' JuojJ 

tj-^3 • p ■ ■•--" ^J*-*"" 4juLLo 0j^^.\ (jjl£- J 7* ■ ■■" Oloia^Q^J lZjijI til ^jj^Jo ^^ 

^jjjkjjl '"" ^ ''^ tJjSJ ^^ J J A t '^Jj L^S^i-*-" * ;"'"j Cjl_L_>Jl lLuj <Li£K_6 ajj aj 

,_£ jJI JLuiJIj JlaVI i_jjL_uVI JUJLso i_3Jl&) lLUJj .AjjjjjJI 4j£._jVI (j'j- 1 ^ (J^ 

. I JlA L^UdC <Ljb ^£. CjLLi>JI ilUj iSLc^f 4x,Ljl l-x^cj 

jljj.1 .1 j .1 -*■ 1 j 4 j^jLiJI 4_lj_L=>JI ^xsL^lII jlj a '"'I .'J; - *" p J 1 ■ ^"'J (_i-uoj 

yyifi. o^SI^I ^jjfcjJI CjI Ll1= ^Jlj^ Lg-olaiei lJ i , i t- j ^l 4_i5l j aj'CII 

ju-o^JI ^ a-vajJI (.jjJj ' ^j --j -ujj'j ^Jl u'j- 1 ^ «LlL>-IjJI *-Ia i-uVI 

l _^oL>Jl tljjjl iclino ^yi 5j_u£ S^ala iljl JL>.J ^yjl (_)^aijJLl CjL1jj>J ^^jjjjJI 

C-j^U 5j,UII ^_j^Ll»JI (j-4 JJLC 4X.LjjlO (<UJ (^.JT) 1 I^'mI jlj (jj^ljjl 5 IljLl 

h_jLlo^9 J$ 4JL>J I a£j ■ 1 ^ ■ -«j" iSjti , 1 j'.jll.'aj I <}"'!. 'J.' - ^ ^L*-* - ' t_? a 

«HlL>.j iojjjjjJI 4Jjjlj_j, Ji-b (jjjkjJI fa^l>il i^-ij -nil cr ix3JI dJjLjJIj 

(J-=tjJ n Jl>-_jAI jLi«JI» - j j A ^ ,",\l ", ■ !_aj u^a ( ^j ^yt^ . tf^cj 4jt mil 

.jiuua (_p ojL>J L^jdj 4_i_4S\ja ^1^-^" ajj ^JlJi «(_^-3L>JI jl lit II )> 4Itt- o 

jjii ,_>-3>a Ji^ lt— 'I ^rj^'j-Nj ilj J-J.I 4j"it ill jj ^-^Jl jLlol ^ aj 

,^1 (^Jp (_, lllj ajjjajJI (J\i\j illj SucjVl J-i-lj 4__j3^JlII CjI UI7.II 

4j^4jJI d \j j t mi 1 1 jl.l 1 11 '1 1 j ojiLLII 3 j j I n 1 1 CiLajVI CjVL>- CjjJLs. j]o[xja 

Fibrin (jjj^ill >uo JjoLuJI <_,!£. SjjLii 4jjjLj ol m i-v <~i « <i i.-i iSjjJI Ji-lj 
.4jjji>jJI .-ilUl^.11 ^nM^pl jj^J.1 J-tj lSJJIj (»J-!Li -h''- ' ' 
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jji (^jju l<1! jj iCjLaLcjJLi (_,-« lmj La aljLiej ul j^JJ j^s-l^jjl I -ylj 

4 ■*■ u i I j » La S a 4j»I tu^o ^^ _UJuii jj i aj 4_il mil i_Ai!l d,"J J '"' J-J mijjj 

(jjj J^jtJ^jJIjiAi.ljdl LjJIjjLa- tjjg. Jjj^^^JoSLllolnjUl j«*.„U ^Ij^JI 

3j^U3J «— jlxaJll ^ju^ujl /-p^ t_t£^J *3>»- OKJj3 i j^5 4£ aJ-i-^G ^jS^yJ 1 4ujl&La^ul 

l^iLoLcjJI tiilj (jl ^JJ sLaLUoVLj <4 !>L*. ^ »jdl jj>«j - - ■ -j Ls^ iiajlj 

H>ulj lilj 4jli.l jjl jljJL>JI jjic. (j^AjJI CjliiiU (iS\j2 jjj J^><J 4jjli!l 

fsji-T-!' lt^-J •'Uli.ljJI I j — t-.-V 3_UJu». <!■> •■■''! «.Uj (jja l j^jlj-iJI (j^a i La-« 

Ji>s oLaLcjJI (iilj al.t Viiiil (jic triJpJ ,^1 J£L_iJU {yi JjJulII J^>-J (Jjs 

jUjj>JI ljASj (^ (J < o"j L&j UVI (JL3 ilJu^j jl 4_Ll1>. jl <>Jl1Li iijjj ujjJls. 

"f _ _ ^ 

( _ 7 Ll (O^ljjj LiJU LijSLa t4-sjij *jj "".' Lggjijl Z-aJ SjjliJI 4jsLcjJ! SjLt L7 cLiII 

fill J 

4 il ^f .1 »!-». jLstjl ^Jj A . ■ .\ 4 g a! . .. A ajLljl |_>^» flj ftJSj '"■ Al 1 A a 

,-.U,Ui,-.l «l^ ill , ^ .1 ',t ■- U , ,. I 5 _. U ;-. J\l ^ jj „ ,J<I jJ,| ) jitj (J ic ■ .l«'.ll 

Aj&jLill (jjjjSJI > MiLJI cilia jj Liajl . Cj|j_tjjJI (j-* iiLs_uJI 4JLl3j 4jj_>L> 

I Jla iSJliUj 4JjjJJ ^ iijLa v2j>I oL»xj »* «."u ^J^A i^LaLcjJI rllJ) e, a 

. L^J ^,n-».1l ^ ^ycLiil jU^JI <L»jLLo j»jyc ^jJ] <L3Lx^yLi 

jft^jjljjgjlj b^jiSaJ! jj^SULdjJi jjUJi U»jljJi5k3 

4i>»nll jliJ SjjiLJ! ijl i^pJI L^k. 5>jHI 4j«U1I ill ajVl (jjs < ; '•» 

CjI mj-kJi (jl ^jjl tullUI ojLil jlsj . cji ujj^jJIj SjLJ3.il L^jjSLJI jj-« 

L^jjiaJI (j-a 3.aj«~ia pl^JI Jj^ (jig 4-iStA La 3jji2 L^J 3 uaajl jlaj djjjJLJI 
CJ\ u-osJl tiilj j j « i <3J (jl ^1 Ji->-jJ i_£JLI jj i jajj I j^>J I j lIi Luj^ii! I J SjLwaJI 

?rni» 4,^.1 i_iLa ( J7 ^ 3j-jjS ^-^Ljj (_ 7 i^ (J-4AJ Cjl^Loflju D (jx. jj\53 jLL&^l (-Jl 

(jjjj JJ_JJJ ixJojjiJi 4-^.1 i ii a 3jujj ''.'.!."*' ^ J (j-o^Lij *-aj ""'^ .'.!."** ^ 
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tjj^'i") illUjJ <L*ljIJ^ i^jjsJI *I^JI tjjj-jin^l f-a L^lcLaj ^ SjLjj tiilJiSj 

. m A . ..a. i .-ill a a1_lj( \_TKji jj ' a (*>il ** JJ ' " * 03^ L7^^ 4jsl_i_*±Jl 4-l^ojI Cjuo-iI 

3^£>-VI icLli-a (^ 2 . ^ . *-» ^-". II 4j_^a£JI CjKj-iLJI i^J^>-j iltj^~*»-l Jl^J 

till jj 1 -A^aJ J^ (jH^' (*rH l/-?"-" J W>^^' l)^ ' ^''fl.' 4jiaiJI jJJS jj-a 4ii_i^j 
^JLa-l <^j-«La i^ilj^.^j n^ ill cJjJjJI jjs AJojii-sU i**lsVI SjLaJv Ja-I ,jja 

^Ifl (jja 4j*_>Lj i_3| xll x-us^j i4jJl>- VI <Lcl i i.-i ^_^ «a , ,-> ,^>-»~ I I iljlSj i"ill 

(j-a L^ljSLjJ!^ >jJLll '"'Ijj l^' 1 " *_La J 3>l jjja i-il! jj <»ljL>JI (Ji.ijLJ 4_iiaill 

fj liijS "j j -^ 4jn ttil £JJil I JLA (Ji-SJ^ . el JLaJI *ljUjl ijjji eLSl (^ j ojJI 

CjLiLgllVlj !*■' -^j^'ll jjja 4_4-ilj 3jj uu j^jjLij (jjj-ll 'l5_^> ""' ^IjJI 

4 a^j t-^l_a£- Lr'! lSAP ^ Ur^' ^ihP^-" (Jj-^W djUcsVI *_Lej iaJlSJLi 

. aJlSJLi Ljj^JLic iijJLs* ( _ 7 £ (J'i a" 
» I «i.jl 0L1L-X. j_j^ 4 «-l*r"i 1 nil 4jii->Lj-ll i_jLuJI jj'**.' JL>o La l^jjij 
lL>I ij (_gl *_La > ^>>ji liil jj 4 .UAtl ^a i_sLJLi I^<ij<U"i aj J 3 ijj «Jlj 

^-, ■■■jtjjHj jLLa^Vl <L>JLi>a ^ 2Lul jJI j j£ 4joJLUI 4 uiiiJI CjI jn-». 

(12) . ... . 

^■_i cnillj (Jj-tJI icLLua (^ 4 a, lir'i ..ill 4-r miVI ^ya L«j*^j£.j 

'~'JJJJ J *' 1 "'* 1 

CjjS ajLlJI Li3^ aJ o-lSj djl ^ ■ ■ ^>" ^il 3 j-i^LsbX JLS-J ^uajo /-Jub j M —■ 

^JL^L. 1985 ^L^JI ^ J/. .m-^UJ u - ...IjJ 4i3.^ J>Li IflnM- J^ 

20 ^^ jojUl diJi J^ U ^1 3^WI ^ c^t^jj .4_^L.UI cjLwUJI 

OjSj^jsVI I «| M 1 11 1 1 j»^ifll ^4-uI Jl>-I 3jjjiL«JI (jJS Ljlj CjJL&l u (JA^V <4jjji 

Ji^-V (_^JJ1 jLi»-_aJI ^5 («J .((Fantastic Voyage 4_JLpJI 4L*.jJI» j 4$ 

i_iJJI 4JL0JI Sjiill iAI")j 3JUI (_Ja 4i uA* (jrU iajljjl 4j| j^JI I ju» 

4j^a IjiSj lJ j>u>.Ij^»JI (j^a Jj/i J^>- 4jIjl>.| dijlj ^JJI iaIl«JI '-^J^ 
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4o(ja Ijljj ilLLIJ JUC.J •^-'•Li LaL^jjs ^1 4-jlgrll j^js J ■ ■-" j_jJ3- i4Jljj ifuj) 

)4j i£j-»J .KlVi 4_>liJ (^ i(«^j9L5tJ».| 4 1 n I n" 1 1 i ( _ y 3.l^»JI ,jj_j_a]l gl itir I 

i_j a! — jjLaJjS jjLuujj jj '"j a jij ;" j jj l>JI j^ySj^V! «L^-LdJI aJLz LkLill 

a^ijji ^^ jug ^ij , 1959 p l*ji ^ - _»:lui L^jjjjsSj (J*J ( ^^ JI 




Aj-LIJI >3>HI .jjjjj jJUll \^.~ij-*i U£_i igjUTI JC*. II ts-l^jj (6 - 9) J 1 ? ■'■" 

^£ ^ 1^-. ... . ,»„ ^. M t *~ ■ ■■ * 4jkLul ^-ijjJ -jjjjy jjLUI jj^» j^l Lc^j ^i (i intl JC 1T1T1 
^Jjls ^j£. A ^"^ - I i j ii-v p ua)Li La j-^»* <UjljLjf ■~ tl bugj ■ " !l -L>.i (j^JI 4 (J, 1 -a-^J J^jJ* 

.(www.foresight.org -^--"j ■■*•«) .^j^jji 
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r*lii 4jljj 3j£j3 ^ i4— jjm^ilLi Ojjtill ^aUll JLaiJI 1 jjo (tC-^II w l^j 
jljJU CjVL*jo tjja aju^flj "^'j <i>Ls6jV (j^uLtLa £i>* <«JJLflj J^Li- (jjo tilljj 

L»._«J«jSj .Advanced Materials a * ■ ~*~ n jl^il : Jia aJyjLsJl CiLia.^Jj;<'tij 

Micro-Electrical-Mechanical ^j "iaajSLill c&>f> '»U ^ If 4j<nl£.i.aj 
Nano-Electrical-Mechanical Systems (j^UaJLUIa .Systems (MEMS) 
J i ■'■■'• j^^' uui ol iSLa (jVI 4ji jjjG ,_$ JJI o2$JI ^ I juk . (NEMS) 

.^j.\.h p --^ti JiJ j (^JJ - Nanobots ^^j ^JLUI ji Nanorobots cj^jjj 

Coating LaJMJo +~^ - ■■ Ja . L^ia Antibodies SjL.^1,1 »l ^l>.Vi i_i5j^ ^j 

(jUi^i j« ui^Ji j_« L*->J^j jalji Nanolayer i«u ."nil 4j^U> ol SiUi 

(Jj4 iL^aljkitluii r^iill ■*■' S^.utl c^U] . ' I . ..j &jj ^4 L«j SL^J 4lLajLiLa /»J-£ 
jjjQ (4-uiaJI L^l* 7-^Ltelj CjLu/O^-ulII 1 1 ii <"r I 4jjjLill CjIjjjJjJI uiiJj -*j **■ ■ ■■ 
4jajLJ 4jj«jjSjI ^ "~^j ■'■■ (JT iC 4-^>L-i. put^j f-^J cJi^-* 3 <L>^ ufc^ji uij J^L^ 

^a L^jljfj L&jL^a ,ys jo'v-teillj Ijjj-^;' «1lu< Ja j»t SI ^jlf clujj Nanochip 

jj 1 -""!; J)I«"U jjk 41t*Jki jjS^I Jlj ...II (j£Jj SpC-» *,ll 5^»-l <lL uil^j rjLiJI 

C ■ ..--II (jja L£»-Ijj>.I ~ A l"£- j^J L^aL^a (j-« frL^jJVI ,li 1 4jjJLUI CjLAjJLI liit 
(jic-j 5aj .^.tlj 5 ., jll 3jol«ll CjI in'lliUj CjIjI^sJI Jj " JJ J JJ^^ tiJLjj* 
1 jL^>- jl (jja^jjSj^elfljj^l aJuu L^alj-Laj^lj CjLitSLUI ' < 'l" ^ _'j* . ^^ " ("'J 

. 2025 j»UJI J^ cj^jjj ^Lill jjjs Jj^/I Jf>JI rjlaj 6^ >t>iUI ^ *bli 
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10 






3jTlr-|tl 4JUJI (jl (^ c'l^, <Ui (_>uJ 

Ij JiL^a UaLjjl JqjJjJ -ij-3 (^V <LaL»JI 

^La 4-il^.j i«lj c. jj a 4jjLjjj I a «_a 

CjIc^jJsjJJ (j j j* t j tl JlDI pj usj^s 

JaVl (jlt - Jajj^ (_, "II 3-UMtt ^^Vl 

— j_jL1Ji J^jJ " \ la 1 ^ fl~*~ 3 u ° 

4jlr.jJlj i_< LaJL) asl«-.tt tul SjjU-.tl , 

1 * x 1 a .*.. 1 1 d 1 a ^ I I /" . A 1 ■ ^% 1 A A .4-L5t-uaJt 

<_9liaj j_jjJ_j .f»jl mil tn 1 m-*i!I ( _ Jr 3 .» jl ■ .. II 

(j^o ^^1 i)l rd«-> (jl 111 J-acieJUj ijj -*.\.\ ^JJI j_^»-Lll u—lc, I til' s* 
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^±£- f.\ Jutjt 5^JSj (Jixj 1 1 Juk (jja ^j>»jS'itl (jr l£.J . i_i^ i*ii 1 1 <L>JLuaJI 0L1JM 

^ 4-aji-J 5j .1 . ■■ jliil /_ji\ til JLj ^Li i^-Sj3 iillj Sjjlai. Liajl (_,-»■ i«">ll 

.(jLutJ^I <Iti<i 

jjjj i(_yjl JLill |jJ>VI ^J^jl) 2 nU'iU LLaJaJI Ja. (ji^. lLiIjJ 2Jlj CjljJ^M 

JLa licljjjl fl_ia£ (^ ^ « ' "-"■ ■ ■■ 1 1 .'«Ij-«.jTj;<'II ^jjJojj j_uj«j J^ >■ 

Jjj^LjJLI rl jj! er^ ^j- 4 ^ j— -**jj ^j^'jjJI d i>^' 4 — ^J ""''*'* jr; hm 

oVL*J.L> ^Uu^aJl i^l j ji a --.t,t ^i^, jj| £yt i&j *, 600 ,>o >£i 

CjVL*II aJLA J— la Jz jLtu u,^l ^ 4jjl jiiJI jljj.1 ^.u.^'j d—jcljjJI 

SjLaiil CjuVjJI ,Jil«j_j . <G^^Luj jjl ... iVI (j^lj ***» -^' 4_La_Ljj_U 4jjj-»»II 
i_ajlajj Cj^fLatjS (^ Sjijljjl JjjJI _^j£| {j^i*=A\ /«j (jLiLjJI l^jl'ij 4-iS^j^aVI 
. I j'^-ll» »j 4-jjIjulII '"■! —'.'II » j ■ . ^>~ j ielj^JI jj^ ^jLLII I J ^ J J ' 

JMi- 4£j_ii 1000 (jA J&\ J\ CjI£j_JJI a'j-b JO£. Jj^sj (jl jtViMj I Jufc 

.J&i\ Jul aL2X\ i^liJI cjI^l^JI 

r-.l/~ I : ,^»TI .-il —".'/» ^ ■ ■■— ■ ,ya dJiLalll jjLlII Li^>-jJjjS!3 '*'! ^ .'->" jlaj 
5 U ,'j 1 1 5 ^ jl I 3JujL>JI I'll ^ .U~tl Ajkl Jl>.| t L^jjjjwj L^lfcifl jJjj 4jjI JulII 
jjo <GjL«jvj <0»^LujJ (jl ... iM 1 4jjt^<aJI 4jLcjJI (JLtcoj Ij ■"■' ' « LlaLjjjl 

ji ■ ?■ . ..j 1 1 jj^aj -* I . U II (JjL-u 4jjIj ii»c <j£. <L«i>.Li!l jJaUeJLIj ,_yo\j-ai\ 

'^a .cLjjjJI lr.SU'.« a .^jjU^II 5 _,,!,. .11 LijljTJij 4 K mi 1. 1 aJJt u \-r'n 
^\j3\ (>a 3.^/» CjIjA (^Ijij ji (jJj 1 LyjJ Sjjl^lil 4jjI JJlII CjI jUJI oji 
L^a i^Jo^^^il ^ m ...tlj (jj^JI SjLjj jjj» ijIa^-VI ( Jiw-r o J& i4jjj-»jI LLij)« i"i 
»jj| , U ; , '-. t-LajjIj i(_gj£LijJI «.l Ju tj-ul i<-»U 4 1 1 11 '1 (^ 4 lijVa «jLjj (jJJ (_Jjt 

.(jJSLIIj ' Xllj i(JajIj_JlJIj ' .1^11 4-r ir->j 4js^I u (^ ciilj^jjGj i(jj»_^il 

3JSL_iil « JUfc Jsti^ uij Jj .4jjjjl!I I ~^U'« ^ .Urt'^l j in-rij V j «Vlj 
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«Jj mil aLoJI f-Libj CjLi > ~ < J"^- i4-UjjiJI pi t «i"-r 1,1 {_y» j jj£ iJ ^ jljjjj 

4jjl JLC. Cjljlc fLijI (j—JJ-uSLJI (jit* ^ySjJu \aj> ij lr->UJ,l <jl ulJMJ Latgj 

,4j]|_«JI 4jjIjJ"JI i— i I j 1 1 ii 1 1 Ol j 4juj-uJI CjLjkjjI J_jLu (_yfl J ' «"t »3jLu3 

. 4 « i (Till tjjrt*. uLi 4_uJui 

^ ' Nanofooda^^JUl r l'i:ti»»iu.^« »i >;»-■, „l s^p.Vl <jj^?l t^a ji£ 

CiLatHil uLa-i-ul Cjjlj J£j .3 a.lir'r mil 4JIS! it vlJJJUuj <4jjjjjJI LuLo. ^£ 

Juij CjIjLc 4_l>.jL>JI I j*<lf Ij I /;"■! M«a ^^Ic . .>." j^jjl «Lul JulII 1Z1M-4SLU3 

Cj^L>JLI (jja i j j 'S *J3.3 La_4 t« jjLdl l_L>*jJjiSj illljifljfl 4Ja "*ljJ C-l5bjj( LjjL) 

iUi.1t (j^uaiej jl (^Jl 4jjl Jl«JI jlj llj j»lxkJI j^ ^ 4 .^i^Vitl d_jjL*Jl 

iSjj^KJ SjlS Jli4 iTC IU.^1 I | j_A jjT i'r>l Oilj . I j' 4jisli>- l J3Lol CjI still! 

i4 t^-rlll aJLA (_^>- i(j JLO j litJI jj^o <U^aj^c CjLliJ eL».jJlj Jjazl SJjJxJ 

i_jjAj_<j diliin't £fu a uj (jJjJ! (jjexaJI c I JutJI jjL—u (JLsf |_y3 (jl oj^>JI 

JLu^lj -Lf»JI jlJdl Jla 'l/>>-I 4_**!ol jl 4jjI JlC. jlj^s ^ jjjljli V i L-^ji 
. 4jjIj^»JI LjjIjjuj 4 ij a ^jUl fljcilj iLj-> 4-ul.utl jj^LliJI j-3ljJ 
il-Lilc JlJJlsJI 7t IUi^U ljuk i-ij^ ^Jl J «Jli jjl UaII jj^a 4 LJj 

teJj£- jl i^j-iI «.l JL£L (_£l ^jJLUI fl j iJlj iu«ajj . » I i" ul ^Li 4j».jJjjjJIj 

,4L *l*i j| -«_} j fl ^- ' J i4_jx.ijj_> 4 SLuJ I s4_>.Lj-sj J>.i^>ja ( jjs 4jj».j_« |_^( (j,— 5 

(J -«i tnU IJuk CxjJ r-jJuJj 2/- j'.'l I ^jLlJI LLa.jJj.iS"> diLilSj al '-»"■ ■ -I ■ 

JLa i4jjJLJ jlj a ,jj» djjSLa CjLflLxisI (J , Lc 4jj"i -n t, I 4jJlcVI liilj I liaji 

,-,Vj ...,<\\j lijjjjlj i JljJl^JI (JjO ijs-J\ 4j)liJI j_^5Liti! 4jjjLiII CjI mj-kJI 
C Jjjj (j-0 4^JLc ol^-pjj ( _ 3 __lc SjjjjkII SjjjLlSI a I mJ,l d'i 4_lLjj^Ll>JI 

.LjJ 5-13-LqII oUjJJ^I jIj^j Omega 3 «3 LtjjjjVl)) 5jjdM.il oJU^Vl 

iQ10 « IOjjSJIi) ^JL-a j i ujj 3«.LaS_i CjLajjJVI lILIj jjjj .ij (jJx. (J^»J t^' 

aU.-jtlj J|j ^Vb 4j>.Llll «Lo.jJjj£jlII lIjI ■>*•■! I LiJJj jjx J-u»j JL_Sj 

2.6 _jrtu L-n-u . jiLo 700 j—a jj^i (jJJ 2006 f.l*l\ j& * I iiJI ^L_kij 
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*4iiii*ii»di 



.(2010) r UJI Ijla J^U cjU^J.1 ^U3 jljjj ,jl ^j^LJ ' J V J-> J 1 -^ 1 



4^1(1 - 10)J i jL^l u ^4 ij . (4) j^j.ajL-Jb.20.4 >3e : Lr Jl J „v,l 
' j'-*- 4_JTj .4jjI JuJI oIt-'iM,! JL*^ <ys <L»jV'm.iU SjjJLJI jl_jil i_>i**J 

i*Jmi iUjIJLkJI ijUJLiil j-» ,^A^J iHjli :( 1 - 10) Jj-l*JI 
^jLUI * ' toVj*'^"' 1 ****** '"'j ' 



ajjiLJ(jl>ltJ*63LJ' 



3LL>.( all JjjiLtft jfjll gtjjV 301*i 



giitiyj 



4jJjLL)I Ol lJ_U>Ji **L It * ~LA~l~\ 



*WiUu> J Ua ^' J 1 ^' Cr^ l^! 

. * ll t » ft /> I , l f ] ' A rj 1 "*•- 4 ) I ■ A I 1 

IJ j\£. klJJjj SjJlaJI 4.JU. Sju*i£Vl 









JLIJljJI Cj\- 



»L*J.I 






-»JI L_>}li ~=l 



jUji J uaj i>>JI J_jJl>JI j LaJ j 



. I fl* * J^ t .V.TIj 



| -J-">>" 



,1,300 



>J! 



jLL^i 



i-il >jjj ■*■! i 



L^aSI^ ireJaLSUj Lj^j'i'C.II Jj5 

s^i-.~m jlj II jJa l 



^1 5j_sJI a.u^n j Lis cjI i±l>. 

L0 ^£. 1 j~.i ._■ ,^ j\ Iq^i jLui ,J£j 

c^LL ^ — 3 jVI J j-a3 ^>lj — io^jlj 

J^jj"- * ^ja 5 rt i ^-*; . .,t I * USM ^jljjl 

:3j_jUIj ~ _- T— 1 1 cjljjl 4 >L_U 
» iii-i ui allaS f»Ji«J uijj . 3_uUI 

-» U . ..VI ^1^. A ^ .aj 4_]^jLj ■"■' ^ ■'- 

^ u,iTi ,„U oU-MilJ 4JiljJI 

. <Lu I Jul! I <Zi ' ■■*•" ■! I Joa>J4 -^>P 



jiyii 

<LC 1 T~l i ill I 

jI-ul|j 
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«£ilUI1 „>*ai$ *iLJI L»|ljdU 



*jjiU« M$t,i J-ms a-jf 






gittlyj 



■ " ' ' j **■ * II I ■ ■■ J pi j i uj j " A-o 



Jl 




■b^UI Li-; 

ri ** ■ *" Lr ^ <ba J-**-"' < nil ' I i'i " J ' J ; ' ' 



4jJjLJI ^JJ^SJI I ljjLj 






4-UAJJ 









1 ~*' ■■! 1 -i - ^" 



^•3 4j»jJ*j uJ.i iSjajJI cjLiiiaJlj j JLJI aIc, cr Js JjLfll j»Jl3I!1 jl_a 

^(jii'i (jJI I4J ^jJJ^jsJIj uJjJ II ijjpi "JLI Jot SjLtl (^l^i. (j^jOj i_i JJ-SJJ 

JjjJo (>c lilljj .4jJlc.^I ^ Sjl^l ill CjLijSLail 4jjJLUi <LujJI S._. ; U1 (JjaC 

CjujS inj^Sjaj 4jjjj^j£Jil ClUjS, ...j^Cjll ( ^_ l5 4 ij,i-»,n (JU>. jl 1— i JajJ 

i(<u ij^J ■ 4jjI JulII j|j_I! (j^sljiw ^j^xijj 1 iiji.-iip f^s\j—C.\ u3 4jj jjl Sj HI 

lilljj i4j Jlc.VI « j '■ 1 ■aj oLL>£ ^ Sjjjlk jLal ^la (jjl j«4il]l I Jla ^ jl jji 

jljll CjIjjJjv ' -j^j" j_^ <ll>.l jjl jlj II CjIjJ i_ijj ^3 (^ jft*\-»-"1l (JjjJis (j— c 

4jIj ^ L^ILi-jl ^yajAJ (jjj-i-l j'jl 2 Ijiifl 4j^Lxi>l jj^jLc jLpivlj 3 jjl jjrjl 

-I C^all Jiidj il j & . lx£ 2jjl JulII 4IajS_9 4jJjj». »_ 3j jljIi Lt« itl'l til 
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a j -r I II ^ '■;**_} ^* "") (_y3 ** ' *~ ' •* "*•"' I ' 4jjLt VI .'<Kj ~.tl Cju^jS ( jjo 5.1 ->.lj 
LT l£. LkjLLaSl jLul Jli^j V 4jjjX. '*■! ■;;•«- <jj9 .-■!*«! .'-»l jK'nl ^^ , 3 U, j ^^11 
L7 l£. |_gj" ■»< I 1 1 Jl>. ?j j « i n CjVjiuiS 4_i_ufc L;r ljL (jjSit ^ J ^ J •"'"' (*JJ I^Laj-iLi 3D 
«J3j t ji3jJLJ CjLsuiil 0*1j& (—jl i_3Uiaj t«_Aj r*» '"*' -^ *t"ja ^Jj^a 4jj1 jl£ Cj^ gS rt 
(j^»« i i'i<ihj LilJJk^J . ^1 JJJI 7lZuJU AJU3 jl (jjj j-ffij f'-J^J i4jjIjulIi 1 fl'ntj ^ 
V (^Jl^ .4ii4^>il f>*lJI CjLfclil, SJ^Lv jlj »£ 4_loVl 3-iiAjJI ^Uj^VI 

^yi Lajj^j cjLsLuoVI llLIj » ' ■»" ■ ""j . 4jjtx£> (JsLiix ^1 L^J^LjJ ju£. ■ • j ■ ■■"■ 

jjJlj AJ-dJ i'm**- i4JojjL>J,I »j) -r 1 1 1 ii j i i ,V) pLL^a ^yii jLaUj 4_jajUjl J>lj__ll 
. <bljjl CjLj 4-a.jJ l jja lLLJJlSj iXJ-LaU 4_ul_L»JI cLuoJI *_3j (Jr ^ Ly jjijjj 

i_£jj-VI 3Jo^L>J,l S^iiaVlj ^^JsLlaJI 3^^J £^! ^J^J "i (j-^aL^JJ 

jus iaLlLlII jt_La j^a '-^^J" * i ^'"*' 4-< "■-> <jr^ L$J~ *»i I <LlaL>- flj-il ?T^i Lr* 

(jT-IU |_J^L>JL1 CjI j 5j ijlS'.ll c. l^iVl 4_s »"i a'n |_gjjl 4 uuij ,31 llJLt— i l^t'nu 

Juj^JS (jjs 4j_)_jLiJI i-il .j .-^tl ^jj^LIjo j j i i <V) (jl ^jJI tiJJj «_>.^jj . jl "mil 
. lLjIjj^ojjjLJ 1U jjej ^yjl I Ajl Ual jljul Ju^aJ (_y^»- (aLlIiJI 7£-La) ," J.' 'j'"" 
jl ■ "II (_y^jL>JI -— L-. ■ ..Tl ^jjuo^j cr^' J"* •" l <t>.l_uua SjLjj (_yJ| t^-^Jd 

.cjIjjj'xH LiillJ jJUl Jl Jdb 4 mil.. -J SjLj ,jJI (^jJj Ujs l( *AJI J^Iju 

( _ T fl 2 ^ 1 ^.', ... II ,jK ...11 '"■! ._■ j->- j»Lt».l j * ■ •~" '<i ' "^« i_ j^J ojVI fLuuj 

fl^jt rLlJ] i-3Jl^j diljj 1 Jl>. ^yjjl ^yJI iSUiilj SJo^iaJ.! CjL»L>JI kcllua 

(jj « i"i_i (JJJJI liiiljl Lja jl ^S> uJI ( _ 7 jus^a x^a ■ • ...I"* ^^L>J| jja <Li^sLi> 

. 4_usLi- 4_u!Jji. jtjiljj 
Lcl^jl Ljjjjl (^ SJaj-i^Jll 4jj^.VI <C,LLu3 oKj iii i^Jl^-J ,jVI ^iJJJ 

^jIjo i-m-»--i .Mayonnaise ^jjjjlil (« u/L iajjjJ.1 s.^l.^il ^ i^sLi. 

(j^jl^sJlj L4I3I ii"i->-l • a <4jiAjJI jlj Llj Cjjj^JI ^ys 4 L1J3 4j uij (^ylfi. 

iIJl* jojjj . JIJJLIj o_j^" ij»l_jiJI >J£ iJI (jS 41'ia'U i^j^L*^ 4jjli15jJI 

(>LJ,I (Jjo <LiljUiii ^jjjjULI (_yJJ tlal 10U Oj^JI CjljJafl (Jl, Ii* c ill (Ji^ (l^ 
lJJLjj dlJLI (j-a 3jL>.^aJI *j UStl (j| ^J Ij-IajJ .4 jjjj 4 nj\) 4 ^ .U. ^U;* 

^aljj ^itj I j & (jli .4J4JUI jLuVl cjI j H20 ■'■> ^-^ cjljLLa (j a 
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£yi 4ii3j OLfl-tlaj 51 LaJLll CjLuy^JI lUJj (j-a 4J_iufe ** UttJa <-u CjLvI uua 

4jjLuJI CjjjJJi jjja 4rtl"Va p IjjI S^x>.j 3jj£ -iia jIjjji Jt I j_yi CJj^Io J^j 

-ilj-a (j^» 4j_jjU CjI nii. ^if (_£ai>o i4a*1s j/I u l^j ^la i^& 4 oJAi uiil 

^J'JJJ JJ 'J<! QJi^^H OLbj^>J 4_l>.jL>JI -- U . ..VI i \A'm~ < _ 7 ic Jaju <LiaLk 

alexin ji^ttajumjji fiji4i^i>>iun u».>r>is3 

j«Jkl JLa.1 i4jjI jJJI jljJJ i_i jU*>j 4 < <jt~) L? }a^jm Ixa-^Jj K") Cil 5_i j U* ' «*■ 

ijiTill Lfci JyljJJ (^joJI a jM.'iill CjL.I;mll fUa£ (^ 4ja>ajj)i<*ll ■'■! -^j^- 11 
(jjl JlC ■?■" La bUUj 4UU jo La Ji_i>.j LJulijj 4-ijju (*JjJ1 iuJ ' *•■.;-- <j_jjlaj]^a 

j_y^ 4jjl JUlII Cjl^JjJI i*'Kj ■*■ A4fJI M'^'J * Ij-^-jIj''^"^ lilt ' " ll J ' "' 4 ^~ ■ "jj ■ 

4jjI JuiJ! Cj'jjjlSI JJ^J Loi.(jj^Ji«lai»j3ji!!£jo I j ualjj- t- , a * 4JoCjIj "* « j'i^>" 

ij^lj^o (jic JaxjJ 3>i*JLp L^jx. jjjJe ^ Nanosensors 4jjJLj ol J,n>i 

3tj- M w-.i ,„i — JUjufc i.'j..Uj;^ti^ c .ri:ii»-.;^n3^ji^tij3_.i.Li itiati^ti 
■ <ii'i<«,2_.M'i;ii \ijtij2 n .uVi .i^i'i, a > fj,.- l ij.i^.iiaii^^<»aii.iii< «.Mj<it 

(_£l Jj>-_J (jt 4j»3.lj iCjI^jJu (_ji 1 al mmS| (<UJJ -f JJ" JJ^LLa JiU J LfruajX (jSLa! 

(jljjlj (^yJfcJjJu j j j «" (jj^Ja {_)£■ lilljj i(_yjl JLtJI xiULj (_yJj(^LLO ji (_£^jj£j JoLuti 

JU£. liiljj i4jjI jjJI Llilj itti Ji-I Jl> 3 * i~- ...tl .-.I ...i ... — 11 SJjSJJ SjaJLllt jljll 

,-■1 ,..! — .|1 i-dli j_i<i""j . 4jjji^SijJ,! jl 4j^jj$jJI jU,*,WI ,^113 jj>.jj Ltjl t Hi' 1 ill 

' *<* ^^il^tl L|lajj l^'nml hit ioljj^£LiIlj Lj*i'\_illcjlflMit^jAJij (jr jJi 2jjjLi1I 

4-tiA rr^ 43u2 u '"*' 5 tia 2>^_p.j 5^1^ JLLo 4^ n j »jSJ| Cjl^__uJI nluj 

<bJL£.VIj ~j —HI ' ^jli" ^i a 1 ~". . .." lLL»__uJ! 4jj*LHa 4j_jJU 4j iii£-l 

i_/"-. (JLuaXuaJI SjLa (j^ 4jjju <_. jjuI ji '"";;;**- o^J^J -^ >-jliaJ' 



219 



a«i.Mi ajjjLJI oLjSHI LiiJ: Jaju ■'■■••*■ .a_.iij.iii a., ii/VI llIJj Ji-1-iJ 

4j__4ajJI Jjj^aj _»-i*J i3j jjJI (Ji-I J Jj^-jil r-jLlaJI f. I J JJI ^l ,j_$_J__>£LJ I 

■ <ii-. a^-,-. ^u __)._.■■ a_.il. — t - -~ti ^Imi-hII liUjjjf (jJJ ajaLiVL lJuk.4__JI 

J^p t3-*J i JjljuJI *Lul <__,£ i <il~ill jjl (^^^ajJI (__>-« L,jjj15j_)j <Laj5pl 4ji i iir VI 

~.j_.»ii ■ aUj-^i i Sjijjcil a_.AA. vi <L«jLiL« _j^ i . u. i 

ii'ln uiMJI ^A 4j_plj CjL^I^La (j5fl 4-iii _j12 ^ j II O^^JI ___^ I J & 

^^-»-' • jji" ' l ._;^ . * j j ■» f I cLojlLsVI :fc»*-~-t j_/tcljj» jl <t iCjU ~ ''*•" .."■ 

T-I^jl ____3 |»JL3ej uJ Aj^Ljja l\$A I ___!»■_-_• L«ja i4JLUI ajJs (^ f-LdjjIj (jjj-II 

cjLSIjjII j'H* ,ji <L& j£JJLi^jj-9«JI _jj» .^jJlII Ijl^J a„ >:»-, ,„tl cjI^±*JI 

ol»"^ jLajl ( _ > ji__uLLs _____3 /«SLsbjJI «jj iCjtj olill (___>>» i_JI^£ _____»« i_ajLjj 4jjjLiI| 
L^vUjI (Cu i4j^ia jy uilS I (jja ** ~^-» « ^J->l-J ^1;;,". fj^ i^n'v. > 'j"' ■-" 

.,-ilj ^1 .11 (_J|a"J «*_■ "I ■ ■■ I I '-.M-_»^l' ^ljtJ UkjUa£l ^jju^LovO ______Ja p C^-.TIj 

i^jljJLaJ cjljoill dUj J ^1 ' ia.jLLj| a_j5) jtiii a^uJoVl ^ -j- jv^j U» 

' ~ ' Ij j j «"■ (__ijl I *j j C» /» j| L^ljLfi ( _ J7 ic IjJaj ,jl ji 1 1 1 ii ii*i (jl (JJJ |jj» 4Jj^*a 

~L>.jLLaJI a_j5|JLiJ| cjL_e~jJLI Ja-i». ^ lii! j£ ^JLII L_o-jJjjS" ■> ij>~. ...- 

oLj^L-JIj njLlVl CjI T-'ia <^Uj£j iL-jljljin-^llj 4^l^iiJI ij»j}3tiJI J— la 

4jJLl« JjjIs ij— c oiljj i4juj uJI oL^JI ___, IJ i—sLbVlj ij j*Jlj 

iSj^stJLI (juJLj ____^_p V a'al A,':. a_2ui)j <i *■ t»_i 1 _j-._.Ul~j 4j^jLiJl I j — U uJ 

4jUj,|j '''Ij *.-J-|l aAI JL>.| 4_li"l~iU (jjji JL*JJ .C*j|^~L4Jjlj J _2_»£. Ij^V" ( __t~u 

CjI^ ajUojj 4a.jUaJI 4 mUVI Jii*. JLacjJ ^ jJjiie"^ uiVlj JjxLaiJI 

<b__pLlil lIiLLJoJI » io'j . S^jjlII 7tji JLaj ( _ 7 a> '(jJJ*--'!! (^ L^J 4 __l>-^LcoJI 

u-jljlill t_ij ui3 <4_i5| jJJI CjLalUlj 4-^,Jo>U 2u>.jL>JI jJa u<>U 4^iiil 

JjjIjjJL 4jjjlL>VI j__ jIj aJl£. Lftjjjk-J J 1 • '-j liJJjJ .4-ftjJoVI jtia i^. /Jf i\ 

jL-£ (^J UjI J ^jjj (^Ij ik-jLcLLiiVlj Sj^JopI Jla .aJao^JU 4ja.jLiJI 

,4j^1j jl frlJLtJI 
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«bjjLJ vljl j .^1 '.<- L^JjSLi ■* i ...CtJ I ajLial! ij^ljjl oLiiiaJI j j i""j 
JjIjj '""* Lg'itljJ ajJj ^La I JJ •(jLuiJVI «-a Ljjj*- iifli_jl< i«LaLu j^ JLLoT 

Jla liiSjJI CjLiilaJI i'11'il 4Jj£JLi 4jjJLlil .-.l^.-ll juuj .^1 jutJI g ,'UI 

IjiiiSlj 1T1O2 ajxilTiAiM IjniSI (_j-iu j_p-a Cilj-LaJi .l_itnlSI ^^itij 4 1 "a n 1 1 jiJS 

J°> La| k |Vi,i,lj Lfc$-ui^£Vl jljJll uJt <CuO (jj-LseJI ,tj..i<lj ZnO LilijJl 

(_ 7 1^ («5ijjj jjs ( _ =f jJ1 oLj^Sjll j >oj 5-sjLSjaj iIj^jSLjJIj 3 jj ■ '— * II jl_a__lj 

SjLiiVI jJL>jj . JkajnJI ol^^ji J>U- 4jjIJL»JI ol-rliall ix>.jL>JI »U,.,Vl 
_p J ajjU 100 qC LkjUoSt jUjI |_gjt"ij V L;r ill Sj^aiJI _)la CjLaas. ,jl u— 1} 

Jjjk-j jl Jtcl i_i^Luaj] til! jj t^ySlxa^JI J cLiaJI tjjs Oj^S AJt\j ilj «"i" 

^1 LjJjj*j ^ jLe.1 iiij La^a i4-o.jL>JI Ljji m;-v ?cJa ml ^^ Sj-3>JI Ljjlji 

. Ti l ia a il I* Li >juSfcjAJ ■ ti-tAj I tf J Uhi ■"■' ' ^ * 'i ■ " * ' 4_uL£. a I's-iQ 1 ~t i 1 * i| 

4_i^j~i cuMJt jjjl^oll j-« BajjLk p'jii • 
Lfl£.l uu4 Lai <i* al 4jjI jjji CjIjjjJI rbjl (_yi 4 1 a ■ a -»"• 1 1 Cil^j intl (jJjj 

SjiS! ,jjs 4 laiaJ j.lall ^ylil (jjiU ^ «l*~tl 4 jj! jjJ! J^lj ■■■Ilj <L»jlIoVI 

jj_jljJiJl tilt (JjjiIjj . r-L>.^J! (ya a ' '• ■ -> t . I Lgj^jJaj I <i^i 4 «*m" 1 1 4 <VI .^.llj 

Jjl JuJI tLij! ^ SJajpJI >JL£ jyi fjUl j in*Cll Lj^sjju aJuu A.j'C/i uiM-JI 

4^LJau cLLp ...Vl.tt SjLa 4jj^j ajj li a LgJI Iju4 ,jjJL>o J>-1 lH*J -(J-iiil Jl 
(jylc (Jj^iJ'j o_ji!l I j ■- '■ ij I jjij 1 I4JJ JLuaL-aJI ,jjo ijjjlj ■''^■J - " V -J ><jilj| 

(JjIjjjJLj dalrt'i't.VI i4jSLjj u»MjJI ^jjl^iill tiJJj 7t-JJJ_J .4j>.L>.jJI ^jjl^ill 

(jlc J-ftC Lc^a i(Jl1jJI^ 4 flj^jdl (jJJielll Jl?l iIaj ^Qtl ^jJJ jj^o I $L>-I J 

. *j j *■ lu j^jj] D (jj« 7-^Ijjj JjJ, it_klj (j_}J jj-a rf ijl ... JjIjjjJI sLij SjLj 

(^y^ 4^Jj S^l^Su Lgiulaaj ^jS 4 1 4JLl^ gjjl --j 3ji£. jjuJI LjjwaJaJSj 7* _;"■" 
(JLi- iSjjaJI xJujji i(jj»l s I J-C. jj^jj (jl a 1 «*ij i4^4Jt^VI Jaja-j 4 1 j t" JL^ajs 
4jjJ3- O) nil in-w i_ixli*j 3i?"^ O^ ' ^6 >J-& (JiliasJ («JJ$ .CJUjili (j— « 
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^ajjui •* ■•*-! -^11 jjfcl^laJI ^£. ^jjO 'Hj ilj^oJI ■ '" ■ "^ 1 1 J-u-*J («A>JI 4jjjlJ 

r-UJ) (JL*js (^ j|j ■ » ■ » ~*. 1 1 jjji>.LjJ|j »1 aUII <_3J^j^ .CjljjLa <_£j f I J ill 

LxijL-ul LJjS-a (j_jilJ djl ■■■! ■■■■~-ll ajui uj j^yjj ■ 1 j'l •»■''/» j 4jJL£,VI jjJT"'J 

ixs-^Lus ^JU Jl)Jl>o (_JjL*II ■<II < j"....^I .jU', ^ i.'-m-ti 4jj| Jill CjI^jjlII <j£ 

L7 i£. IjJaj JL^ 4jjuJa j__j£. ol^xtJ (_gi JuusjJ LgJ Sjj».jil 3 ojIJulII Sjl II 

. 4JL»JI tf J-A ^^fl — Jlill (J j mi ,_,]£. - j-43.1 (j^ij J$kj i^JJI (jjil ni-»ill (j^J 

lij^tJI i~.1 /it (j^ -^ ^ I JJ iS^-p-Vl SjjVI ^ JjLsJJ 3^_j!lJLI « j.nl^ll 

Lkjliilj '£jlj j — tlj (jl—uuVI 4t i<~> (ji^. Sjl i^-»ll I j'^jj' 1 "' ■*■! ■ -lj 't'j 
!_yl\ fj "■»"■ CjIJLljJU idjj (jjs ^nVi'rt Ol juS /«JL*j| ajViiiMj . ^ *■ j ' " ijj>jX\ 

(J^j-oLj^IIj tfLiilj 4j_pJI <ii$lj ^Jl i^jJj Lsj« 'Ij^J <-" tjJa (j^oLs 2.5 ^%j 

. (jl^j^Jlj ^jLuijVi ( _ 7 s f- 1 ■■*" cjVL*. '■■■■' ^Lfljjl {jc jJi—i^jj i<uclj^JI 

^yJI 4jpJI J ijiC. CjljUr (jj jl (_gj ^ 4j9jiej uill oLU (_u uiJj I jufc 

(jja jujjj (j^JI i4j^j]Ij 3jj ^^' CjIjUjJLI (jja 4jJLt L uj tfUIl tillj J-43. 

lill j ^ <jj uiXa . Ijll~" tlup- 4j>UI (>a 4-ilfl mJI oUJaJI ^J L^JMi. 

CjujI njS II oLu> * j * ■ —~ i_y£ (JjLdJu jjLJI .t"j'j'^"' "^ b-^ "J^J 

ijcljjjl t^iLfl^lj CjL^Ia-illj -'-Ij - — 1I 4jt3lSL« ^ 4^a.lV"inil,l 4j£.ljjj| 

c-LajjLi lZjI jji'hII cillj j j <i"n j . jj J Jlj CiIjLjJIj <l ipJI ' .'J"* 1 * (j -^' 

LliljaSlI ^j^j^-""j ' j»l '■»"■ ■■■' 'j ■~j~ LT J-»J Lflja iL^eJa_uil 4->-l ma "IaxS 

.a_jj^m 4j1iJI jIjVI JjI"- (^LULj lj^ 3^ >^.-,.,tl 

<cliuo ^^ » ' --* ■ ■■" i*ij-v jgjyjlj 100 (j£. L&jliaal J^J i«JjjLiJI Cil Mj-till 
kliLjLill SjjJuj 4jpll I jo in'n 4_naL>JI SjjLajSUI Cjl il-r'i ijJLIj JJUJLI 
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4jLa*f i 4_u»L»JI fitilLul Ol ■ ■■!■■ oJI *_a i ■ .".I * tj d , ., At ^j'^-*j iuJJ « 4^£.ljJJI 
JL^a^^a.lVn.iU 4Ja_i-JI 5^Mill,-.l „ ; ^1I iQi*" ^j_i «L>oVI ljLi.4njll 

■'*'lj 1 1 V (J-* *>J J * ' ^ ■*' *J ' ■' |S (JiwljLl 4-fcC.I jjjl 4ji*JI I -J <— XJBjfJ * J 1 ■ ■ ■" 

J-ic jl (j .11 <li II 4j Jil JlbO 4j3-jL>- Jjslj—J I j 1 iaj »"' -lie I^Unr'n j — ja" 

■"■I -j ; — II L^La j IU" ,Cj^ ___L]| t < H*i jJLso 1 if j -i^jiS <-La "JjJ I J ' '->j »"' 

. 4j£.ljjJ1 Aj^^Jl 1 iji^)Ar") (^ LAjJJu (»J-2jJ 1^1-t.ljLi 3jj*.jJ.I 4jjjLJI 

(ftJJ '*■ 'J • gjSJI jj-0 ^J-3^1 pi ftji TfLiJU <U£ 'jj 11 CjUJl ftJXil CjlSj— JJ AJ-QJ t"'J*» 

4jjLajSJI jljll Cj\ mj~>- 7-jjjJeJ r a 1 n"i j^ Lgjal _tfl jLL_3l jLul (^ p^~r"ti 

,cj|j__i>Jlj iji-lj^JI i-jLaill i^jLUI oU^jJI ji .oLiJIj <u_piJ 4_jJuLLI 

4-aj^oj CjLtill 4jLwkJI^ 4_iJjt~JI j^4-> 1-4-4 Jl j-"* fl j 4-ujJjJuo 4_lLqj — j j Julaj 
j^* 1 A4*ja 1, t ^ 4 A 1 *-" 1 ■■I' 4_uLl4^SJI jlaJLI 4j aS (-J3 m^ *"*"J3 ^ ^ il \ 
La±)I 1 al . ^ a d , tl . ^ <s jla^a 5 1 ^ ... I rya 1 *\\ ~" 4jaju CjLi_luw ^LjjLi i*jlSj_uJI 

__JL_JI i-iVj...X1I t < 1 l*i Ji-I j Llx Lgliiju «"j i'utj -jLsVI «Lt__1£L« cjI juxd 

. Jla. I j C^J ( _ T i> <ji"rtl"i-»- a (j« "lijlAj « I J Li f»_jij Ifllfrj \aj» > LAjS j 

}Ljl_fc I '"'a 4j£.Ij3JI Jji^UJH _Jj (j a 5 « j* 1,1 4j.1jI"-*i11 JljiaJI J1«J 
SjUJ ji lJ^LLU ^ %50 ^yJI Jj-aj 1 L4I0 ^ cj ». j V j*j ^pjl ol jaLI 

^yJJ ^LJLi lS-^Jj ^j^jJI i»-jLa 4j Mii (^ fLajjl < *-i £ - (°-*-y L*-* i *j'j *^' 

( _ r S j jC aj 1 1 j__iLl!I L^>- jJ j iS" r I -)'■* jj__ £. i_ Ju *«Jj . L^jjjj-ai- (jlaL—aiejl 

Jaju 3Ju>3 4i^Jo lj^__SJbl il»-t>. <lK jJLI ^ j.4 J^J Sj^* is J>L>. *-ii»J 

L^jLj^>. Jjut-a (_yia ■« C— ~,ltj 4jj~JI ^jJI tfLJ.1 t j^ l"i <Cj in j^^* cr^ 

■ U"i »"i j .(jSLcja Jl». (j-iJI (^1 Lkjjtjj CjVjlm (jnjiiVi (J*-l ijja (jJe-Io i^JI 

. 4 j « 1 n 1 1 4 «i(jU a ' J' Aljiill Ct.jljjjJI (jjt a i_itjlbj~ ^ Lc Ai^JoJI a„V tt> 
(jja iJJ)^""i j_yj.Il i4jLjjIaJI ^yS 3j_y>.jJil 4jj^1jJI (JjLlII Jl»I CjjJ_jj)JI J__»jj 
t_ijS_pJI «_i_u J3j _-< ■*•_! ...SjVlj »jjjjJ,VIj (jj^jlj ■■■II _,_b j__>Llc 4j^1j 
jLuVI 4jjjU Cjljjuij «Liu3J al _ua jj-a l-l!jJLI i_)_Lail 1 t^l _,■»• iii _jVI 
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DJJl i * i I i" uil JLia I jj !<L«jfc>. > n i^-i) (J-jLu I «j (JjIj mil (J^-i'kij (jl ^^3 

i3_jcljjjl ( Jjj^3L>iilj djl_jLii]l (_£j JLs" cr^ L^ajlojJJ 3^1,1 4 jj^LiJI 

l£jJI al_t>a jjj» l>^~ ^ r j "^ Qj -»" a 3_i^ill (j^ '"''.'J."* - " '-iUj f usjJ i_m*»» 

CjVjm_«_> L$>.Ijj>.L ilLIi Jjlj j»>SlI .4-i^i I i„l,l L4KL1A Ji-lj <Ajiti uj.1 

. 3_jcljj\JI ^^jusljVI (_£j 5_ilor <LaljLuj<l j^JJ i4jjiaj 
J~ -i" i3jjt"ia Ljl^_a jj_ .ja 4jufe i£j-lt <i^jjls 0/^JJ La (_ 7 — Ij 3^Lu3 jLij 

»Jufe JjjO -3j n ri 1, 1 (jiunjej » a <La I V"i mil (_£jJI <jLp3 CjIj«S ^njii'V'i (_yii 

L 3_a_>o Luiajl L4JL3 lij^ill J >.| J (jjl ' 'j ■ ■■"■" j I JJ*-;"'^ 4>ni iZjLmSLII 

:4JUI Ujil 
,4j£.ljjJI (J_i k->1t till .Ij-v ^-sj — 
. 4jjjJI 4jJl*j (_yi 2 ^ 1 ^-", , .. 1 1 * 1 ^ ...VI 3 S LJS i"j\ 1 11 ■> i — 
J j , — -^ 1 1 <U»-Ijjl (_yi Sjljj — 

. 3_tcljjJI 3jpJLi 3j^>._$JLI 4j.j,U1I 3jjIJl«JI jj^sLulII ,jljL3i» J^l"- - 

LJl'ij-»itl i-ujjJ SJLcl • 

iLjls Ij^l .Molecular Biology _ ^r 11 *L^Vl ^ *l«l«' ^ ^ 

L^jjjp 3jLcJ 3 !jLt«j iijJl^>Jlj SjjLill cjI ^>JI (_ji^ ilao^JI 3 IjLxI 

CjIjLlIII (_, II » ' ■ «" « (j^alj >■ A^LusI ■- j'j (_f j II 3 '"'^ (j^ 1 j'Alj.^l 

(j^J (jSJ • 3 jjI JulII CjlViiU 4£.Lu^3 JL_stjo (^ <La jiti uiil CjI jljj-*tlj 

j * J j"'^ ' ' ' k" »"■ I a Lftjlj Cjjl£ L4JL2 Sjl >JI CjVjL>JLI liUjjj a « C.jJI 

Ljjal-r'llj ^JLUI Ll^oJjJ£j jJtfl fjj^ f-°J •** J-ioJIj <Ui2aJI Jjaillj Cil jn«1l 

Ojli 3j«^j SjjA». ■'■! J '"'J Cjljjl 3jLC iJlJ^flljj (4_j^x>JI LyvjJj)iS~ill > a 

^iLUI Li3.^J^i ■-■ ^I'li Jl2J3 . J-fll^JI Ja>J\ ^ j»^L>-Vl '<! I" Jj>*ij 4h& 
LjljLill ''■! -j-*- u JjoLtlil 4j^sL>JI SJjJlsJI CjIjJ VIj ^jljiii'tl ^y> 4£.j.a,->r,o 
u^LJVIj CjI ;j;--'l 1 rtjt^jj J^Li. (j till jj LjJ <_i tMillj Cjl il^>JI jf 

La aji. (^ji \ a \ : .~y j,\jX\ oLu^ji (7) ji j& .-.V j .-.<» dU j£j 3j»:lui 

. ^ Viral Vectors oMsL^ cjL^^iJI pi '~~...l ^ Vju ■«; iLj 3jj.ni 
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oLii^JI 4l±j& ^ SjLj ^1 «Uli3. o}laL& 4jaJL!l jljll *1 iV....1 ^jl JlAj 
, -iVj ,,. ,C1I jjjg <t>.j_>i.j aUc rljJjVI ajj (_£ JJI imJjjJJI (jAasJI ^^lc aj Uj...U 

.iljLjJI J£jj* ,jja . UVa . a ij-..,.ll jlSHI Jib 

Jjir*iL>J,l CjLLl»- * a j m.LJLI JjaLuJl jjLlJi Lia-jJ j i\~ i~i-vl3l ' a J 

4JaLu3lj^j£l <L».ljJl J tt^iaj (^JJI j-»:tl ^yl^. L^jjJjj Sjl tlj 2 j£.ljjJI 

CjLusL^J! m£Jl»J Qt-ljl ijlill jJ^j uj ^»' l> • ^ Jj' a ujjijJ.1 ■*■! a-i<a]l ,_)*»* ■ 

«Li^sL>JI ulil <iii-ill ^j^»* ■ (j* i ■■■*-' (jr !5 l^j i"wu 7"L»-i (j^i jIj uJI I iijLJ ( _ r i3 

JaLU ujlj O^JjJaS jjjj 2u*ljJI JjLtjVl udlj iL^l^o Olk.1 U£ .J,jVl__i 

Lg]£ 4_LljJI jljuO ,_,!£. Lgj£.ljj J4JJ <jl 4 j^>-«J 4jjs 3JlJJl>- fl^JI 

«UjUi sL^-V) 2Uj>>J ^,gf" ri ejj£L«Vl JL>w» 
cjLiaJI <_jJL>iiaJI (jjK fjljil oLy* ^^a^lio • 

^ulll „Lp.Vij dJU ■ ■&] t^SJI («^Jl ,> %20 ^ j! ^i ^b-^u*Jl 

(j^aj .4j<n .nil fjlj-LI ^ Ig'n^p OxJ J-Js 4jjL*jJI Jjlj uVLi ixj^Jail 

_>i£l ^1 Ij'ijiii't Jj^aU Aj^jtJI <U Ji.Vl (^ i.illill Sjlj) j^ uJ Jl jSjUl 

i^il^jiJII a'jJt (y> ffctjJI (jr^-J .3j»jLdJI CrXi\hi\ CjIjUI J>Li- ^ %70 ^ 
4i^>inV"iU cHj t^ai-Vl (^j i5j<n,,.1l fjljll b'jytU J'j LcJa .itaJJ.1 
(j-iljnjS'l ijiljl Sjujj (_jisljja2l ^j^»' (_, mi (f\ ^jjo i^-''-»J 'O^h'jLp ^iifi C^ 3 

jjS^I jjjJI 'ljJ ij_jSj i_d^ui jjUI LijvjJjjSj (jl (j_ji^.LJI i S" «_ij . L^j»u>» ^^b 

.kljjllJIj |_^l_^cVI Jjjo <LiJL>.j <lial 4_iS <i i ii fjl_)->o j-jJ3jj (^ 

jljll ^ 5 ua^ajelll ^ilSj JJI ^Jl^-J olj ft 2 * a ^ j_jl>.LJI J-»-«JJ 

l^p.1 4£j_zA\ \<f,-r~jj\ fjj]\ «LjjLl*jSLII jl^il ^-Lvj jLili-l ^ CjLjUj<llj 
CjLu-l>. £yi jL^aJI I Jut bj ±2 • A J q ' " Pjl}^' i?Li-fi i ^jlX*"i ^^^ ~ 'T* ■ ■■"i^ 

Lkjlia^t jL»jI m? "" V ^jJI La ^jMV.til j .^;- ^LL ^.j ^L^jl <j>>Lj 

J3_J . A j*C o mi 1 1 ^^sl^.VI oVui yjl 4 ij » a t_i ■ "'•< I j'al .^«l *£o Ijiojjlj 40 
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_tS GjHi^ 7tJa—ui\ ^--1 • ■•" l jjO L4J L*J CjLuj->JI i 'II") (jl TuLuJ! lLjj! i~i I 
l_£JJIj L^J Jjd-^ll lLjLLjijaII (Jjs 4j^«i i ii 1 1 p-jljJLI tflj^a jjf-ijIVI (^ Oaxj 

lLILLa (ja^*LjJ' (U^'9^J •f'J'3-^' * _ T c-jLst^Jl ji'' ^'"j'j'l ' '■ Jju 

i «ll n ...Vl-^j'^j.' aJLC (j^o jSQjIj /ulM 4 ii K"i (j^ijiiVt (J^-l (j-« iukj^> 

/ ' 5< 1 ,,.il pjljJLI <»Liaj ^«l.i^.'.„l «Ijj>. ,jjo jb-"^ l£^ ^c-j3"""H 

ijuaUJI i_)jbcl]l jj^s ftL^ijVI (^ SjSLi^Vl 4£.lj>II Sjljj 0^' liLijJ 

i4£.J|^~llill,l ijJLo U/VI (j^O 5 «lV Ifl 4_L«£ (^£. JjH->"H £ uitj A j « U~l dljJ>-lj 

j)'-- ---II T'LoJ «* j * "-J 4__jjjjuaJ| ^jia CjLwjJU •* I ' -~~ ■ ■■' (JjJ-ls £>£■ >-^l 'Jj 

.'-■Vj . .. .C j j j^.i ( _jj 4_2j^1iJ| 4JlA ,_^aitljjj ■ * '» j . .. X ^j I j « 1 1 ^jj^JI 

3'al .'--.I -j ,->-l XIII i j^sLiJI ^jjjJI ^^3 m>JI gj^ ^jj--^ a <i t-»j .*. I i Ljju 

Ji.lj 7-LalII iIjVj ■ ■■ ■< J^>-J Jjjst^jj . «lcj_)i.l «La>» (jrlj iIjVj mj'CII tiilj 

ufj ^j i mS'i (jIg- Jul" 4jjjj^j 3^ *— '^*v>i uLjJLI ^Joj—tZ licj^JU al jo 

«j j-a_J i l^i».l J J£»-jJ,I (_$JJJJI ^j^i^tl i_jj^uj (jjl i^J^J Lc iuj JJ injS II 

d.^l ,^-.«l ^ i^JloniVl Li>Li. Ijlj3 
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II 






•♦♦ 



«-2j i (jr «ljjiii'ilij 4 j i ■ -j II i ^.-.Ij.tl jjiLo 

T_)L»- *-3j t _ 7 __!uJL ( _ r Aj ,a .^.ull J *___, 

(jLfl .4 o^-s"ij ,jl tuJVI «>Iaj lu ^glU'. 

JSLSJtl jiai-I lS-±*-\ -*J«J (((^m.iII iijjli!l» 
Lj^C (jJtJj .(jLuu^ll l^tii^i ^jjJI 4jn ill 
4_«_ii^ 4-ij-jl 4 'I ^^ f&j^iji j ' ' *•*" ' _jl 

(jj-5JI ij' ■■■') lgg">-ljj III cjI j '—"ll 

L_l»-t _ya j V i nj <_^lj hjj^jjIaJIj i^jL>JI 

4 i_t»l.r»JI '""J^-jlj SuJlj '*■! j'S'll »_n-v 

. I jl — I 4 J'T'" J ; -^^i! *{j3 W j> "* 

jJS (_p»J 4_t5e_Jlj^Luj' » i^j <bj« i^> _J i iCijj 
U'JjH lLsjI^jJI i^ 3jl». jjyic 4jjjj 4 K mi n 
3I< £m>£ - 5jl»I^JI 4-jliJI SIC At I ^ 

"j ■— "- < i « i /*> j JJX.J — ^i H« flj^JI iljjpj 

jl Lgjic 3 jJjjII 4 jjtjjijl J£i Jul! (jjs 






^^ _j.il 

3_>jjljl jlj Ll »l '-'■ ■■■!■ 

Lp. jj jj^j ( _ r Lc *J _■ *■ ' 1 1 aJj^. Vlj 

J ' J """ ' ^ 3 ' ' ""*" ' 'J J '-^' 
tfLJLI 3 a*>Lo _;_£ uia _, a 
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^■j^- jj^a *^* A C-o_L<3&ja ^jfc 4_i_i_JI 9- q_L*3&ja ^)) lijjJL) Li^ (j-^9 * ' flj a 5 j J^ll 

Lg^o-L>- i't>l .^."j 4jjj icj.Hl, I CjI^jjJLIj J^IjjlJI jj^a >n V in JJJL | J >.lju 

(_)j/l_j*. j-'*-»-l <^Iiij ' *J J ~* ^ 4JULi 31l ...^ Cj^UI JILsjj ^J^**.' f^° T**'. 1 

(>» 4jj «ijjl ^L*Jo (j-a <]£L La jl^ I jl La dJIjjJ J r Sjj^ydl ^l i^iJ^M 

■ a J I LjjJ-a nljj* jj^ 4 ri mi i"i 1 nj jl l_jIj_Jj 

^-^J. '— 'J =e -^' ^jLa-jjt^ i_il jSJI (^ja JjuajjJI I Jl_A u<3j «"i i ujj 

SjuC (OjJlSj (_,— IJ ilOl L*-^'_J 3 ji'nLU 3 Liill Cjljj uJ\ J^L>- <~<a" ,_, 'II 

<jJL»JI I j* I ^j .U'ij jjLiil I ^jtjiC* JLataj j ^ *"'"' SjLCij 4jjl\jjl Jj__L>. 
.sl^l ^ udJ j£j .SbpJIj cUI ,ys ay.j.tl CjIj^UI S^U^a ^ 3jli?i"iiiUj 

. (J^i-I 5^a LgjjjL>- ui>jj I j' j ■"'-«' J 

r *j ■*' kjjlltl J^I>C 

L^ai-Vl (jitj .(JLiJI JjJ JSLi (_^C.LjuaJI fclUSII ^ AjjIjJLaJI SjLjJI CJl] 

!Jul_aiII '1 j -^ ~ I ^j (jr >.|^pjj (^jjjJI (_y£-_»JI I fl/ a ( Ji [''ij^. i<Lt«LJI JjJ IL 

£jI_^j£jj ^yJS S^.Ua jjA SjLj^yJj liljjJI 4jL«Jtj SSl.'ll i^jLuaJI 3ji-l '..-.tl 
f. Ij^JI ' * 1 j I" ■ £)l ... iVI I jj'« ( JJ1J*J (_yjJI ^*J.'^ cr^ ^;**' '"^>ll CjLiistJLI j_^>Llc. 

iii-jf {_ya 4iaJej La j^JI iaLiVL) I Jl* ilal uJI 4jjLajSL!I «>=*jV| (>» f I_>jIj 

^J| 4j^Lu^iJI i_\jLL»jlIIj (jLuiJVI «lla liul ^c cLjoL) <L5jSj CjLjx>.j ajI_jCJ 

j "■»-*- LUSLxjj . aJLlII ^,—3 4jC.LjuaJI (jLLiil (_5jj uix (jic di! jj 1 LjJ aj i; 

^lUI jrtUI iJ ^£. iJ>=JI el^JI (_^ Lc^ii^p^Vl oIjoIU 
.,j_aj^SLII Ijim^ I ^rJljJ Jjl • 

i*^A£j&1\ 'tlf ■-^jl-^-ll JlLa 4 Ltixll <__iljiill '*'■ .J"_jJ "■'I'"* A 

. 4-u^j^aji>jjll CjL^JLI • 

.!■ ' LT^Jtj'j'l 1 .IjinKt • 

. (JAjjijjjJI .jjl U'.ll 4jli^jji 4ja-L^ULtl J 1^1 1 CjLij^a 9 
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*U*1U aijt j «~JI iditai *iU1 letjJi^U 

JLJjj J* I (JjH i jt i-ilj r *»• fl 1 1 J i JjjjjJI O jj (jj->- OuLt£ (JJ-«-> <-i« _*■ 

CjljLc. jjLua^^ 4jLU <^£ 95 ^^f i4jj^SJI ,_£_>2JI oljjjj, 3 alUtl 

>j»_jJi 5«JUJI a I (j ilij (_JJJI ^Kmtl jaUI CjV, lit 4<ijT-U CjIj>Lj)JI *_«j 
4JjLuJI ' i ;l" 1 " CJujiil oLu»S «-a5j3 .Sj jSAllj 4_uaLl5! (jl ii .11 iJ S <LloL>. 
: (jr A rf ^t*-» * i_il j i hI jj£. >--~~ l^jJIj 4jjUI 4^jjtl ij_jjj ^jjJI 4jjLtJlj 

w ~ i oJI i— a_> i ^t I i aLus 9 

.^j^vVI JjSjJI j>>.J ^lj Vill i! • 

. U^il l 1 tl^ . .. l l A I I j ... I ^ 

. 4jcIj^JI ■ ~ ■ I ' j ■ * I j a ■ i mjfl i_3_)_lo • 

tliVLtll JjjI <ji J jj-« <Lj!ujJ1 CjIjjJII 4 Hjjj 4oj.lII 4jL*a. Jl am Jjjj 

3j ui ^yJJ IjJaJ lii! jj i \j±& LaLaljIbl ^JLi!i Ll^JjJSu I j_1j" ( _ ? jJt 4 jSj^.U'.tl 

(jl xjk-jJM (j-^J • Lj-iS (j7ijtj (_yjJi 4.lLlJI <_3jjJa]lj (jl_uij ji 4jc-u3 (jtj ilaj'jjjl 
jj^slj^ ( _ y ic 4_lu4)Ij fi^*»*ll 4rtl«'ll 4jIjL^oj 4jiSlll (jLcojVI SjjJS a-iLj (_£ -ip 
4-aJaJlj «Jy-L>- 4_i^jLj jljjO jl^Jjl (jJJ i4_l».l jJI LjjjJjj Ljjljj-i V^^-^'i aj[i\ 
:4_JllJ! jjUJLl JMi. ,jj» SJuJI 4jLw>. (jJI ^Jp i!L±i CjIjjIj 4!bjL>. 
jljLa ( _ 7 lc SjjjJI CjI j^UI oLa^ljj ^ i I ^KijIVij 4jjoJI i_a jiajj • 

. d ^ il . ..I I i"il a i . ..I I 

i^IjjUI 4j|jl (j—S LIU. tLa.lVi i, ,1,1 4^1kiVlj JjJoJI ' *• •_' ■ -~J J ^ U " • 

.Lpjlljjaj 
• 4jjjj (JSI i'u a (jjl (jj» 4jl .^* ,.,tl 4jL«j>JI i 3, LflJ 4 ij.I-v JjJj 4j-Jaj| jlSajl • 
(_jic (Jjm>H 4 i "^J"- jj SJulS ^j la j«jJl3jj 4^a.lii"ia 4jjju JIj^s y-l " 'j • 

5;.U-.ll5- a IUII 

. ^1 ■ .n\l 1 4jJL 4^«Jkl (jja pLil 4 ft.) i La i_f Jl« i^jLixllj p-j_iiJI {jc ijJ£- 
I JLA ytim j^^ylc L^K aL_i.-H.tl jj-oJj (_jJj tS J Ji >-^> u ' LaJjj njl mi'iVI 
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J&jjuo Cj\-Aa£. tlijf 4 j| «U3(il i V UjSj .<Ul£. ( _>ii ; i*J mJJ II i— i— ^j£DI 

jjL^all (jjl <4j£.Li^aJI CjI jlntll ^ 4j>JLi]| .3 *JUJLI j^iL ol fllitl.1 

4jj»jjJ! LijLaljLiej uil <*■!■>■ I _■*<•«■ I j ; a j" (_^ I J j ;l'* J su*j L7 ^JI 4_jjUU 

J i-illj JuSLJI^jialjjsLj dnjliall j! Jict (^ 4n_iVa Sjl—jj ^J «UI (j a 

4jL-»>U 4 miiMj-11 l_lLj-^lVl JL9-! oUiitil i^iJj CLij i*r t .Xflj IJLA .^^KJI 
j^j" — ■ 4j£.LLlaJI '*■' *l^»ll i<|l"t (jl ■ aj^ » 1 1 jjja 4jj i-h-v U J ■ ■■II' 

«jjjl)JI i^J-ljjJI ^J " " <JoiLJI (jjLJLI CjljJjl! ^jS^jJI 4JL1 i_i uiJ (j^£- 

ijjJLm _>J^ ^jLaiieJLl i'II'i olJjSLs 4jji>j La ^J 4JsLi>yij i^l hsjJIj 

jjjJl iCjLcjj^II (Jj ^y— 3 ijajiej uJL! tfLU i-Sjj-o CjljUr Cot J Sj 

3.1 in Jlj 4^aLuiJI 4jj_ij»Jl '**' 'j;* ' (JJ« 4aJL£. Innl (jt-^C- L^jIjj^Lj «— ulU 
j 'I •■-*» (_yJJ ' dJU ' ""'J J>-4^ ' ' Lr^l j' ^i>^' LT^l l-d^-*" <4j^jJ! '*■'■'->■» "j 
,-.M -/~ j»l^» (j-a 1 nmj Lava ie\ A,\ iljalj ' ■ •■■'■ tf-iLj (_^ i3jilj^JI «loJ,l 

L7 jjj£A\j cTjj"'^: 11 ^j) l~" (j^l iaLu^^Li I Ju» . I ^L»JL^«j aLil 4_l2jj 

lJIji^II CjUuu e\A j liLXI l-Sji^II oljlar ^c ^Ul 4-uUI 4— luij 

^jlk-^j JjLU oLilitJ ill] j£j 4j>JL»i.1 t_luaj jl 4 -hILUI jji. ^irmll 

. iia-laJI CilJljjaJlj jjJoJI 
^jJI 'J1 'II ^j" - ■■ " '*•■*-■ (_yjJI jl iJaifl 4jj»LiJI LJj J < _ 7 i£. ^_a VI j ■ •»" *■ xJj 
^yk- ^JlSoil JjjJI ,_^l 4jjUI 4_1uJI iali jLLaJ JlUI Jj .i_j^>JI I d'4j^ 

»Lil i_lj ii (jl l^ji-l 4 m II 4jI<jJ 4j<j^V| 4ngll Cj^J jLdfl .*lj o. JL>- 

JSLitaj [ _y>\jjiLi Ijjitu (j ^1 •> mi ^^aLs 1 iiini (j^s ^-^' ^^- LO ! LT^j <£^3i 4j^iil 
OS^JI (^ I juk . LAJl».j ijSjjjoVl 5,It*iU iIjLVjJI (_yfl LiiJjj iiflll*jj \ascjlo 
CiLsiaiilj CjIjj^JI ^j" ■■■" ^^ 4jjjjJI CjLuIjjJIj^jjLSjJI J^ 4ji »Jjjj (_$JlJI 
j mijII ,jja CjljLjla 4j^C (JjS^jSI (jM j 1 j i_3$jj 2U15 aUJI J j I f 1 4JI i4jJjjJI 
. 4j jj( Lj j ,VI (a^jLa-Lua-l 4jln«"l 4j^l^ tfLua jiljj A-±£- {_)£■ ^-jLJ >lj.> mi (JJ 1 ^ (^ 
(_ r ic j j 1 fi-»i 1 1 jj£. (jriir 1*1 jLLa (jjo J-"Jl 4j^ j -r t j 1— aj 1.1 (_£ jjl (OSjJ! ^3j 
l^jjj L*^ i4j^Lo dLjjs (_jk ^j^"" ■*■ Ijl^i^ J ■ -* —J t-3 jjj ,(_JuIaJjl *UI ^>jo *-t<J^ 

*J- ^J*» "** Jj I 1I1 a j ^palj^alj a^ijLlo] ^J 
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au»ur ui jij u«ji <yu*J j-ui b*^^ 

«Lstlaj 4-uLo 4^vLv (^^ 5^ .', i ! I i - , -» , ■ -s I i *a ij»Jl2j La jLLaj (jJ3_J 
4-jJiJjj <L>JLjua j_ r 3 * j a j IXj' jsjjJ <4JIjl3 j!jj»_j 5>S[ljja (jjjJe -^Laejj (_j_ Jl 
jjl ir-»a (jjJ^- '"'*'^*' (jjJ' 4oiljjl,l_j 4j"it j II «jL"Lill i * <j gJo I _LSj . jjLiil 
lxa.jjj '&\ (jyic 3 j * -J I 5j J > J? I J 4jj_iLUI jljj.1 -I i~~. ...I. ■»!_■ -| 1 1 j f .j" ^ 
4j>JL*il o\ xtl 4ja*}La ^jj u4 ^^3 {j-u£j I — . U I j Li mr«o 4j JLill 

4jj) i>»«tl jlj LI cjLi£^«j 4_ia^j>JI jl jVI »Vla i±j«Jj <l1S[ uut julj 

(_>utj (_ r lfc (jjJ^J (j jJI t^Lllaj ijJ.1 4ljii~ill ol^-Lill _>-u»Li£.j .2al ...II 

(_yjJI 4j*m ill oL l-r'tlj (J^l Mill JjjI i4jLS_jjoj ^jjj^JI j ualc I j*. «*l a 

jjp 4 Km, a jLfl .(1 - 11) Jv All a^je USj . fJ JI <*JUJI U^-Ijj 

(jijMiii Jla Ij-aj JaVl « ILaJI (jl-kL ■ ^ la (_>^aitJ V <U3ai>JI e\ -J.I 

Jita 4jj -r'i 1 1 (jIjlLJI i_Jj i>i') 4jJ,Lc 4 K mi a Jl«3 LgjSJj i L«jfcJL>.J JLlaij 
jjl tiJJj^ Jliaj La£ . Jjj IjjJ Ij (j-Gi>-j^?l d^ 9 4^aLillj ■ LigJ I a (j* ■ -»tl 
Jijs aJLoILI (jaI'h^II aJLJI (jl jjj ,jja !>f^ bjLC Jo ilijl 4 K mi 1, 1 fljufc 

ujs £j-" ij^ i\i 4 K mi 1. 1 ajjt j — r"\? • yijj "-"'j Wjj_j' Ji- 5 u^**.' 

(jK.nll (j^a 4^LLI ^ 50 ^i«j J>'nj ■'•■j-* l 4-i£j j> _aVl SjLseiU oLVjJI 
jj-o 4_lA4jJI (6^3L>.Lii>.| ^_x3_ail 4jtjjt-»1l 4a£o^>JI tfLJ.1 oLajJa (_,— 1£. 
4ja^>JI uLU (jl— * (1 ~~ 11) J^ "^ ilf^o>4i L»£j . 4jjut!l <>l jj,l 

(^S^jj-aVI ,_L>.I uJI t-j^a 4jLaljJI oIjVjJLi ^^l-^ 9 « JLt c?^ * 'J T J * * 

i_k!l ZUU ^j~ i ii a jjx. I Jj a (j\^ojL>JI j <-<■<* JjS^j • flJ^J CrL>^" 

4 j 5 H 3JjL»j» (jl i^_Sj i_a ■ ..j 1 1 (j^aj ) JuvljJI j " 1 1 1 ^^Ja i>l^^j^Sja 

41x2111 diljla.ll j^oLic J.^Al Sjjuiolll (Jj-l^Jl j»l -A^ej i-uLi tfLII i> jufc 

. i /i < TIC" l l duA li 3jLaJt>a ^ ■■ i^" i y ^*"f i I n i£ 4_cLuiJI 4 ' v^'l l i"«i iC > I I a| 

ljufe tOljVajJI (j— a CjIjLAII cliLia 3 ' c (^1 I *■ *i _■ ^ ~ r-Ltstj «±< i> 

^yJI J"< <i"i JkS (_^<Jlj 'L^jJJ ^Ll=««j ( _ ? lll 4jlajJI S^lill Jjis (jJ^. 5j^< C 

. S.lj.lf J_$-ac_o. i*«lj*». .. 
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*aUil»Ml»itt 




jrU^jL*Jljj^J£ "j ^ '* Ijjj t^- ^^-jj^^j ...lj ■,.tl^H«Tl^t^j^^. :( 1 - 1 1 ) JC* tl 



(2) 



-I^II ^UJI ^ j>l^£j^U.I Jjls^jj ij-ti* iJjaJJ iui$»JI «LJ,I ^ j»LuJI 



Zero- (jj^.^-tl j "aK~.ll cjI J oljlill *L if j_loLLc <_>a*jj 5 jjlill 

3jaS Fe° >al£ij| ^ni^-> jujl>JI jia ,_><ai.S/l ^^j < valence Metals 

^JJ LajLLal? jj^jjLox (jJJJ i:i> till JJ i4jjUU tfLJ.1 4j>JLl« (_yl£. Oj ±& 

4jtjLiII JjJ-^ill oljjj '~'^.'J."**" jji'^"' 7c-uJj . CjI^Lojju S^iic (Jjj (J^l 
p^**J L«-« '^.'J."~"^ J*-* 3 *-" L7^ ^ * '^ * ''J J ' -*.' -*->'_5J (j' d .'-."*" ^ J ^.1 \ 

(j^j^SLII juj^K ^^cLjj JiLo i jjJSLII cjL^JL <LoLuJI cil jj-wjJL^JI oLjISj-o 

i4_ix j^JSLII j ■ ->'*- f-jij i_aSjJ,l CjLbjja- j ^ ■ ■■^" jJjjJo (j£. lilljj 1CCI4 
>j nil^l >-;«!->• l jjs (j"*-=*4 tu£VI j mi<* p-I^J-il-J 4j^jLJI JuJl»JI ilil mj-». 

j ■-»■<- jjja La^jjjoj 4jjJJLI (jLi-lLi 3j^>-jJ.I <j>\ ijJI NO x lj* TJL>~- '** 

_S^*.jJU g^jlrti (_pL*J lS^*- U^-^J-^ Sjjj^s (_jii J)llr»'n (_£ Jul (j-ut-j^'ijiH 
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*tt|IM Ul j| j U«J1 idW |4UI l»*»J»*U 

JlLoj Jj i ■ La a a jj ■ ■■' a uj^C- 3jajLlII JjJj>JI '"'I lj ■■>- jjj j • aj *j 2j 

5jL"» J^f- 4_uLl«S 3j_»jua ^Jl sdjJJKJJ d". I , ,.S Ij t AS TCJJJ^JI 

<U3jj>JI oLJ.1 JUa-tU J^LSLJJI ijjja^a -uojji uLm> • 
iSSLa SjjiS 3 jIojJ.1 i_ijL»jJI xjLjj Oj ^lal Lala . Lai u LJ^j L«i> 

Lg-jl(jfl ■ .iLuDI j_j— 3 JilSuJ! (Jlj liin J jJLaJl j lijJjJ 4 jjjLUI CjI__jjjj*U 

aUiaJI Ijx. Jifla . S^cLiuaJI CjLaiieilj 43jlU (UajjsJI «LJJ 4_l2J3j 3-ioL>JI 
l_£ JJI 3jUL»j uAS JUJL>JI lIjI iiii. j»Lst>.| jJllo (^1 tfJ^ill SjJ-aJI til b 

JUjL>JI Cllji (JJ9 °J-±P -it JLC.T J_J*-JJ ^!>^~ dj-».U , ,. 4_a»l , ,| Q ) I j -" i ■ i-j 

LfLal nil {jjs Ju^jj jj-*J Lojo 'OLuj-fctl dl !lJ 4ja-)L>JI 7cla lm VI i ^lc 

I jj tiiJjj (31a J^JJI S^uLo/CH cjlj-a--»>ll jjj t ljl (^ U^jj^j ^LajSLII 

SjljJ ii SjjjJajJI CjL5ijJ.Ls Sjjill 3^jj>JI «LdJ (j-aKa ^J I j at ■ <a (<u La 

j i i^-»1l fjJS ( _ J -fliLiall j« «jj| 4 n i.-> jjl ^1 LLs> SjI uijl jJl»Jj 4^g -^ 

Sljj ■■■_■ JIVill ^yic. SjJlSJI L4J ^1 31 JlS 3 /. i^.~, ,„ll jjJlsJI '"■*;j;"- t 

tiU j^j 3j^jj>Jt oLJ.1 ^Lu (_ylJI 3j^3JI ol ^ ■ t — t 3_2jSjJI j»I uJ.1 J!>U- ^ 

3i»lSJI CjljalU j-e 5cU<j J^lt'ill Ifllajj JUJI 3juJeu ljutj . L3J 5±«L>JI 

. Ljllljlj 3j^jJLj SjojLlII « 3j^jjsjij£[jJU aL-uJLI j^j (_ya 

i_Ja ^3 3jojJa*JI CjL_j_j11! ,j*a 4j3jj»Ji jLJ.1 4 jS" dA^ir ( j^ jtljjj 

I jUl-L ^j jl UaVI 4j»jLj JuJlvJI '*'' .'J.'" 3j ~~ '"" (j-* OJ&*" -^ 

I JLd> 7c-l<3j L4J (JjsL>JI lLs uiajl jjwLj a j 53 1 iJLsjJI (j^a 4^j»1 ■ ■■ a '"'' .'J.'** - .' 

Sj^^-jII Bed Rock pL2JI jit^o 3^ ; u ^j j^ 4^ ^ij ^ ^ Jo^itil 

j_yfl . U>j* .*.jj . l^~->JL«-a jljj,l 4_ia_jj>JI aLJ.1 4 a i La 1 ^^IA.,.1I -» U ...tl .-■■«-■ 

cJyt jt-i" ui^a (Jjjljjja 4jjjft ^^1^ JLaJj Jjl '"'' .'J.'"*~ .' 3j_^3e uill j-jjJI * ' * 

jl ui4 4_t£^>JI aLJ,l 4iiLa ^Jjsj£. (_yic. SjlaU I Jfl^-j' JL>-I jjlsjJijtj '*•■_;-»■ ■ 

(_,!£. JiLajj .(2 - 11) JS-iJI ^ (j5-j-« >* L»^ <3j5UI 5S.U1I oll3 oWj-" 

»-u»» ji u-ijioJ! jj>-L>-» »ll"^« ■**! ;j."*-".' 4JjJc i"i U 4j Jj) a « 1 1 j ^ j 1 1 « Juft 

.((Contamination Barrier J^jJiJI 
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tiU1L»il*Ai 




1 ■ ' — *' j ^^jM't.-.t ■ . .-^t ^1 ^l-wtt^ . A ,..tl 



ij^Jll ijfljj>J1 sUll 4»JLu djiijS <Ulc L>ud>) (jhjU^l |**iy :(2 - 11) JSLill 



Jj^JUJI 






Ly l£. 4j^jLJI jljjl>JI iIjL^u^J S-LjudLsJI SjLajJI »t ... ^n l^tl^-'j l*jl ... « 

5jjjja£. JJJ-3 (jrlj L^Jjj^skJJ till jjj->JI dllj Jajljj _^j ui£j ^^ LAjjJli j»J-2j 

^yC.Lij CjLjj^>- jj^a 4L1II tljiji") <Lji*t ^>£. *JJJ (_JIjJL1 Joj u (_yi«J3 . tfjLii^jfi. 

CHCI3 j»j^ij^KJIj CI j_jlill jLc- Sj^lajJI jjj i CCI4 o&j£l\ Jyj^K 

S.I ici^VI JcLflJ u^. 4JLL_mJI ,Jc.LilJI SXj'iKja -U~t"ij I jufc .Sj^Jai. JSVI 
<jjLu <Li>.^>a CjLJjjI ul\ dJ^xZji ' j i~.ll <*il .j ■ -»- (JjIjJ iNj'v i(Jlj__li. 2I — 



Fe u 



Fe 2+ +2e" 



CCI4 + 2e- + H + -» CHCI3 + CI" 

LaLjja OjLi (jl juu i»LiJ.I r'j—JEj il Z —11) (JS, i^JIj lA^» J-* Loj 

^(ftixHI ^,»j; U11 J jll^Jibi-i-s'alJjj .^jji-Vl 3 j~.l;tl j^j ^.11 
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*U»IU «Jl jlj U*J1 id\fl fiU\ lf*fJ|tti 

(_gL&2» 4jtaLaj (j -13CJ (Jj_)-il 4 oiL>JI i_ijL*jJI « jlaj Oj^Jol ' *J 

j_yS 4jjJliSI 4SjL mj JjJLsJI CjI JJJJ>- i-Juiojj 4jltLs la "^ J^^j * 

(^J (^J» JlLo 4jj .l^JI CjljuJtlj j^KJI JJ,«,"a JxiiftJI ^Lu Ji* 4_m lJI 

ajV*i uij ioclj iljlj n-T a J^KlJI (_£jjLu» JUJLaJI oLlu.> JjjOJ lii! j£ -KjjJ 

(Jj9 cj^flJL *Jaj ( _ 7 lllj 4jjiil <UJ3^>J| #Lil (j-a AS 7c iHjJ-^ CjLSjjs 4jljV 

cjiiLijji Lojk i^jj^jls (ji^ 4j3^»<JI «LJ,I j^ j^-jj thhjl)^' il>' *— ^jo*-!' tin 8 ,? 
Uflj iiU ij (4j_u,Ui- oLiejJjj) As04 3 "j (ajj^j a\ :~:'u3) ASO3 3 " 

pe-LijjJI ,j»(jujj trill LlKj. ■'.Uj.^t I ^11 1 1 ,U ...j II 3^jla jl 5j.^/.l^ ^ it 
I j'n 1 11 3j^ '^'.1"^ j U-^SM ^^ A-xiyuW £i\±-rnjjl\ jj\ Jjj i4jo mlLl p ■ ■■"■"■ 
t Jj^C 4jS^il£u a (jLS I JU ■' fll * '*-~* Sj i ■■'* jt 1 1 4j 1 -' 1 »J1 '" "J'-JM} ** ' 1 ' '■ 
4jJLc 4jj^liJI tliLiejjjjJI 3jLui^l 3Lloj£ l«* a^2j 4jjjLU| JjjLsJI CjLjj*. 
(jbjjjl 4 n j « 1 'n 4j ml «jj| olgjajjj^jl t_< %_)-"> l jjj^"l elil (_yfl (ji jj JJI 

^(j^Lfljji j«jjj . 4j< 1 ii^pj (ji jju ij^ — luj *m (j^o L^iij! d>^-«j t^-^'j 

: (6) 4JUI O^LiUI jlLj 

Fe° + 3 + 2H + — ► Fe 2+ + H 2 2 

Fe 2+ + H 2 2 -► Fe ni OH 2+ + OH* 

OH* + H3ASO3 — •* H 2 AsO" 4 + H 2 + H + 

L^Ls AjjMJJI ol ninjUJI 4jljV ijij^J! tfLil 4j>JLu <yj di,ul,l SijiaJ! jlfl 

^Jj J^.1 jJl ^^^m JSLUI ^ (j^JI jl3^iJlj.(3 - l^JSLUI^jt^^o 

ifijX. JS (j^alJeJj 'J \'^ o^ *Jjl>ll ^^>?<-^ »LJll Ifeic j-»J i. i 'ij'c-i i_kjX. 3jL£. 

( j^uOcJ (jjij^i 43jjJI (jl J %ii iig_il~ ( _^jjl 43jjjl (j—C 4jllie a <»l^-« J jiii"; 

V2 4jjLl*jS CjL>JLl«j X;U«p CjljUf, (Jila- qJ> liil jj .aLxall 4jJjVI 4jJjjJL 
. 4j^j"i\ ill Cil ojni^llj 4-J "*" a! iii-vill (_jjljji (jjs (j^alitiil (jia^jj 
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* ' 

T-^Lol jj^a <_< *-"I_5JL5 ' **^* * (_yJ| <i JJ*"'J *ljjMiIl '*" J^J'jj S..I i uM 

j^o 4JjSLa 44xIo j^l tfLiil jlj__«J (jjj/la (j£. tilJij i4j mLaJJl CjLjjejJj^JI 

^gjiiir) JljJl>JI CjI mj>. (j lc L^cl uui 4j$i>JU <acLJI (JLojJI (JjO Jajli. 

> ' 1 1") » iTtj . 4_«LuJI CjI ijKtjLaJI (j^ ( j-aiitlll ^jjj 4"l-> . J^j j^jjlj ^alSjJI 
i_xj uJI f-*-JJJ • LaLaj ** ^■fci ol^a KH^3 lj j '-4-"' ?*i ijjJ' <Ud-j^a «_L».^il 

L$J dl^LcLajJ! i_ii£pjj i4jL*U » '*« " »l Ji.p Juu L^Ji J Ol iji.»>jLjJl r I j 1 ^ 
JJ£. I Jj' 1 * aSLscIJI ■ - - ■ —■_■ (_ 7 lllj 3Jl£,LuJLI <LflijieJ,! J^sI^lII i^yt <Cj)ny a ^le. 

. (_)iajV! y In in i*i->) «uJU -i>>-J 

U2J ^,111 Sjucl uJJ Jj>l_>*JI lilij («-*l JL3-! (PH) (jjj^.JjJU^JI J*L*JI j-fuLij 

IVaj2 ,,..l".tl ^j^tl jlj'-^lj ,J|_pi.VI - 3jLui£Vl t )cLflJ Lr lt I Ajj'.f'^a. ■■,-», II 

(jjaijl Jji^j£ CjLiSj^a (jjj L^L^jjcUl^ijIail ijj^liJI dLiejJjyJI CjLJjjI 
jsJojjiLj j ' "** *"' <_/^ ' . ' ' T " w " ^ tljl it i'iII 4jJLui ^j..I 1 A-ll tUuiejjjjJI CjUjjI 

«Ja ul^j L^iJIjJ (di *j (jjij .Sja-jII Fe(OH)3 jjjl>J! ju LuSajjuf cjII^. 

' '■j* ■'» ^ ...^.Ul ;i^ JLacjo il jJtjjj/U ^ ,..^ul ■ » 1 1 J. ^11 1 ~iL *S1 







ii^Jil ijjs^jjl aLU.1 aa.u 



^Ijltl^ : «j--" »l_.tl^ -^tt..^ ^ U ~ •''J.^ u ; Ui -"p -j^ - 1 1) JS_iII 
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MtafUl Ui jtf «Mfil S-taJ »iUI i(**l|-U 

.-■t^.U-., 3fil<*ll 4jal«ll (IjLscjVI f-\j^>-\ urS ^LajJIj jLjo»-VI ^J? 
tfLii! 4_l"-1" jJLac-a tj&5 <4-alc 4jjua-i (jr jjjJI (JLstil (JT i jjLiJ! I j^-jtj "C" 

j^a i_ili^j i_3jjjj Sju^a tjj-^ iJj^jjJI (jJI i 1 _^3j i^»^iH 4j>-j (_yl£. 4j^UU 

4jg i>v<* CjLlSj-o (Jj» 4jjjj>o L*j> djiaiil 4ji_t»JI dixit jj "■ j ^ *-' CjI jinf 

. TCE ^rCyil JLjj^K (jJ^J l -r^> j0 t^'io'il") j 1 1 a*u ■ ^ '■ I— j ■ ■■ *j 3 ..I 

aj-r Mill 4jl j) ,_p3lj^.l (_yi jjVi ujJ (^JJI (1*^-11 I j-fl> (jt i_3j^>*JLI (j-aj 

(Jljljlof ^ ^KJI JiiJI JjjJo d>£. 4jja^>j| oIAS ^\ c-i^ . h'ij iZj^j^JIj 

. ' j'" CjjjjJij aj t i"i 1 1 (jJI^^C 4_>! jlj vIj|j_LoJI tcJq ■■■! i kxlaj" ilil_ila<* 

4 Mio^alj (_tLull i aglaJu Cjlj-iiaatj i_u^a ^ji>»-».i ( _ 7 a Aj.Tg.~i <_uj \je& 

. L^j <L~UL*JI 4 j i i» ill - all) (j^a 1 j .— jl^-'t 

I (j < a j ((AjSLj^jsVI (jjjlj 4*jaL».» (ji_i (<ul5JI ^, ~ ■> 1 1 1 ^jIajJI jUol (_, 3j 

sLya ^ j a '■" I SjU^S 4_ajj_L3 ^1 J-tojjJI («J (jiajjjjljj « (jr »._aJ_jJS"JI u»-j^»-» 
ij-a 4j4jb CjLu-la. -I tie" ■ ..I ■ <_lUj>j <>LuJI TCE <_»£j-a CjLjj^jk {jj> jull 
Ov&lol Jia^ .Pd ajjJ^LJI j-uslc ,j-a i'U mil «L"jJ9j 4" JaJ SUajLa i_ufcjjl 
jljjj 4jaJLi!l i. iflijJI — ajjJ^LjJI '"■! ;;;"*- 4j£I^"jo a! Jt-*i ml «-a 4JI ijjLjJji 

(jliijVI jLc. ^i\ 4Jjj^>uj TCE t_i^ja CjIjj^>. jj uiSu (^ ajjJ^UI 3jJ^ 

— 4jcjIjJI_5 (jjill 4 ajJLC 4^a_uJI JJJ^ 4jj_jjjSajjLi^JI CjljLaJI (j-a _J^_J — 
Ljj>.jJjJ£!" f I «|ii- j^> jJj^sIjjj . I v j flla 4jjjj| ■ a « • o lUU j*» Li iil_Jja 

djLx. ^ ,"il .Sij" a ^ a lJiJLjj 4jaju ■ " 1 1 \ a 3C * ■ i ■ i aj j, 3 ' J a LaJ j tLljl 

oljj^jk- 4jtjlj t_ij ilJI «Lja 4 j ~ M JLac-a (_, 3 L^ajIojjJ 4 l_j nil Cjlj LaJI 

. (9_7) Uj 4^1 jJI 4j= >i JLl i 4.aLJI Ol^jll 

^JLJl U>>jljoS3 )^& 5iU~«t,t aLdl «I»l»hUh* * 

^ylll tfLJ.1 iJL)L=e ij^a ( j J e J»i£. r-llJl (^ liiliiSLl i^JLJI Lt>.jJjjSo Cj li.J 

Membranes 4j ic.Vl j»^3j .4j»HI >-ij iJI «La 4j"ri ^ j»jl*^ u-3 



(jr^^P Sjjt'io al^j SjjGj , I j . ..jji ~ «j i jiK ,',i « j n •<- 1 Filters i"il-»- .".^ tij 
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> j j> ;^*~".' r»>2j LiLlJiSj i^lLlajJI 4j^-LUI jj^jUjJIj cjLoij^jaJIj LjjjjSLJI ^j^ 

(J LI, I xjujj 4^j^Jo jl*jj iUjj <L~JLl)I 4j^ju^*JI CjLiSjJU (jj» ■ 'j *■" «Lpa 

-j—j' 11 Jjls ^^.il jjja Ultrafiltration (JjLoJI -j -j"' 1 <« "Li 3i«jjm 

»Lill CjLsc l!u^o (_ajGjj .Cjlj~LaajlJ 1U ^^JJ jj-a^jlj ^.J (ju I j - ..^jl "i ^ 

JSLlJI 4jjj^Jj>» 4 I ■ -»"• " 4_Laj!^j_a ."■! * .U ^a <L~u^JiaJI tf JLA ^^3 3 ^ i J»" . „ 1 1 

jljj ^JJ ^Liil j^jiaj^ju ^Jjjlaj Juc 2jS~tlj jtjji^jJI 3^1 n <« IJujj jl UaVI 

d ^AJ^ 4_2JLc. dil_i£j_o ij— * ^^j""*- 1 L«j **j .' T. '^* j * ' J * ' *~ ^ f J d^ ilH 

Jaia » o , n*i ^^"Jl jtuijJLI 4a.j? JL3.1 3 j ilir I al ui^a ^j flfljJVI <_,!£. ijj_P' 

(jJJ Lc^-j <iUjj .Lb^at jjjj ■ t~"-« H2O Molecules fr UI cjLu^*. j_i>^ 

ol t~«. jlU'l! (j.inlna <jc. I *.j!U«? jL*jf Jlj^j (^Ij frULj 3 2JUJI jlaJtl 

. 7C-UJ>L I ? 1 I 11 f 

4 j'jjjll AjUlt jjLiJI L-a-^Jj i\*i 3^J-^ *~^ iJ**-*-" ll)^ l3i>^ J^° ^3 '" jL " s 

(j£. diljj 4jmiT VI k~jL-e ui^a 4jSLjjjaVI (_><<jIj «jl«U»J J-jIoJI i^jJ^JIj 

1 IjinSI (j-a 4_o_La 1^-1-1-0 Jljja (j^ 4^. j i 1 n a CjI , » ni^-a 4j i"ir I » j i 1 ri~ |_jjjJo 

« ju» i_3jjjj .-.i ; _.j^ti SjjJLi Iron Oxide Ceramic Membrane jujl^JI 
l^^s-j oiljj Reactive Membranes "ljIcLlJI "u__i£.Vl ^L 3_i J i£.Vl 

CjuLiillj Cjl—jjlll (^U^tjj 2-1'j! Lt^ 4— SjLfl 3jJ^ ^js *^-3jJ La jjj (j— II 

. ufcjjflU'j tfLJ.1 ,jja 3_jj i^itll 

~' lu, ^'*tt'jJ l '*".' t ' aLt.4 ^.j.l^'it^JLJt Lcv^Jj id • 
(jl - .. iM t cLjj^l aLaJLI j >l ■ -~ * r«jkl jj-o ■"■! t~j~-t lj ^1 -». ,tl ^Ljjo jl«j 

^>LaVl Jj-o l^injIVit (i. s-J^£- La I jl <^JJjj <4 nl'VU <&!=> .lilj 

p ■■■!_' c_3jjlj <xcLlx-3 CjLiLo^. ^j^a ^ I . - 1 , .. jjjj^to ^jc L^J d jljI jjl 
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*tt}ttt ill jt» UgJI hUftl *U» lf»$J»-U 

l d -, r tl.^j „LJLl 4^L>Ji ijijl A**, i^j .Desalination 0LJ.I 4 ;iL>Ji 

(JaLsj (^JJIj Reverse Osmosis ^ ...en £_*i>L£Jl 3 j'lni JjU'i 

J>Li- J>; *JI ^ifi. ^>UVl 4_> 2u! jdl eUl j*Lcj>/ 4_JLc Jofri.X j4 

ls UI ^ AjjI JJI £^J «Vb dalila>Vb <»>23 Membrane 4j ii:t 

. L^J^Li- (jja jj ntlj 4Juo t-^Lo jrl f-l_^jjl -*J»J ^nill tLaU *• a < n~i I o mi 

'*" w . .,'v .11 -^ ,%.! "ti 4la ujIjj tfLxtl 4_lL»o 4 j i S" (jl )— fljjJtJ.1 (j-aj 

S -i ^- ■ V» CjLxa^ Ijljl .*:~ ■ - 1 ^~_ 1 i-ij-». .5 AlC-.ll 4_JLc ililjiiViH (j— « 

. 4lUaJI J^j oLJ.1 (jjs 
ijLlII «1j1-». ■ CjLxLS J2J) ' L7~~ ^ (J* * ' JjUl 1^>.jJj 'l\'t I'lt-lf I JL_3j 
3 « 1 ^.' ... 1 1 4_jjitc 2I «Lcl Luo u^ 4j^jLl!| (jjj^JI 1 ijiLJI i_jJj->iJ aj (jt>- 

aljjej ul »_a 4j| Sjjljwdlj 4jUtU i_jjLsej]l tjjii oSj .4jl-»-'i1l (J) 3 

^ ■ ■ ■■* ■ <"■ iJaAjcJl 2_.l-» *tl CjLjIaC S AK'i jjljs 4j^jLJI i jj__j^£LII (-ijiljl 

a b> a ! i ^ ,„<.ii -^Lill 3j-.;m .-. '.jj« Lo 1 jj l<JJ jj ^5 jULI (_, «, 75 

■ ~'l -»*'« jj^i 4jUJi.l (jj_j_^LII i_tjjLi! JlLajj . »jj]l 4 a I sea uJL'j 4 a K' 1 1 

'*•■_■->- ■ a j"l alia ■*• j .".j ~ 1 1 .~%ljl-i«t 5j j i~ "j 3_U^3 j <l • -»* jLju V I 4j_jjLJ 

5»j-Sj (_y^ 1 J-! '(j ajJl sLLI *_a 4jl jJLI 7-^LaVI Cjljjjj- Jj^-« ' iT^l I o ij 1 

.Molecular Sieves JLiijj^JI ^Ltjijil jl Ji-LU.1 j»U-»j 

■.j^.-.IAHI Jiij 4jjiLi CjLljo*. liJJ j^j .MgO 4j«JLL1I j»jN.Mf LU JU u^l 

Li^jjiJI j^lc el lAiJI ^ 3jyj i iuicLa jljll oJla i^J^Jj -j >JI Mg 

cdlj^j .Gram-positive and Gram-negative j»!j iJI 3J1 ^,j 4^>-^a 

«Li«j jl>-j3 jil fjj]\ ^ ' Bacterial Spores 4_ j^p^Jl ^ j^>?JI SjL_ jJ 
Quantum /oSLII JoLoJ j«-uLi u^jjuLa jl SjjJLUI oIjjLJI j i n -«•" j .i_ijjUI 
(_iJbj 4jjjjuJI <LSJiLa ,3^3.1 i^iji iliA ^£. ->jj...".f lllj L; u.ii.Lai! Dots 

\jttJi i !jI1«jjU ZU (jjl. I Ajl Ual jLut J 2j j » uaJI ^^fl Aj^Ltia lIiLjjS jj a 

i L^LiitLa (^ ij±& SjLj (jJI i^JjJ I JlAj lixILc TcJa ud 4.J-1 , ua L^j ijiSij 
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^Jls.1 ^>><JI tl^JLi 4jjL»JI oliijill * . . ..', ^ 7,j * ... 1 1 JjLj^JI .111 

■i !>-»-».") i~ij-». »ajJI LULt (^ 4jj iLJI I4JL4 (jJL»j ct^' l)^' "^' j>^' 

cl lit* J^J^J La Lajl.ia .j *i j 1 1 (jjo (>\jM-a 4jMj (j-« jj^I £"'jji Wj- 1 "" 

j^JLj oljaJJtl i_j uij pLfljjIj e-l^gJI iijij (j-LJ AjjtjuaJI 4jLcjJIj « it-ill 

ijjji^JLI 4-ulj^JI ol ■ ■ -« * ^ i—iLjlil jlj , J/i jj^JI t-LojjIj 4-j lm\ 1 n-*Jlj 

^Ij^l jJai.f 2U5La (_,!£. 2 :; IS1I CjL^ ljJIj 4JijJI jUsj ^ iil!j£$ 

^^Lill (cJL*JI jj__ -0 <_ijjj»JI JjJ j_yic. tl^JI Jl)a tj «LK i« j 1 r-»" ii" V$ 

4-Lfcl ii^ill JjjJI jilsl^a 4 K Mill e Jl& J^a ^yJLsLJ Jj . Ij-cj JiVl JjjJI^ 

(j^O ^H^l LT J W <J-^' '*^d> a ^' S ■ I •*•* U iJjLVjJI Lj uilj (jji^-J .^ .. b»»ll 

i*jlj 4j ml 111-stlj ^J/JI j^l^^l <j-a Lgjl^ l^i JJit ^yi 4jLLI <_, fl 60 

— \ sr.r.W — aojjIjjjJi *j . ..Ci ,_jL) J)^*»-* ■ - * ^ * -*-"■ ■ -■"» 1 LoJ i_u LJ^Sj LaS 

c-LxoVI r-ljjj dil^.Lli-3 (^ f-mlj 3^^ cr^ *— 'W^*^' ^LH^jL^y Ti02 

lIiIjq^ ^->J <~'J j> - h 'Ij'i iji^LiJIj 3'j_3^' 4-C.Lu^sj ^^sLljJIj e^LlaJI jlj aj 

djJuLalll OLal.lT-'l uiVI (j^. I_UJL1J . («_IL»JI ^_JJ uut (_yi^ ' j'" 4 «i V I (^ 

Ct.l-vj -Lai i3j Jjill L^jLfl^iiajj I j'^i^a! jj a (*^->^ o— ^_J l4 -ill >-uJ! 

L^J-d i-il .j .^ i-.^-"< il La I jl 4_£jjjij *3 5L5I j£&\ \lA-cS Jl2kIu-u\ Ljjjjjjl ^^i^i 1 ..^ 
clj| iii'w l?-^ ' Jlill Jf^" cA*^ • '>JJ°>JL) 50 (jic L*jlia^l jUj? Jlj}j V 

!_!-»■-»■ iji^ o_ojLs 3jJ^ l^p-a^L) 50 t^c LkjLLail jl »jl Jij ,^1 Ijmj'iII 

V L,^ I JJ ijjyi.1 (>o tjJ^aJI 1 !-»■-»■" V UjjSJj '*Lj^ "iiiljll j^a 4j« i^l 

4jjiVI Ju<3 SjLajJIj SjISjJI L ps!jXil ^,3 LjjsljJej ut Ju£. aLalod 1 1 1 • n" 

a-C I i 1 <-> (jjj ?-l-»i_l (jVI a lV~i miJ (_y^ («J Cy*3 • °^jL>JI <Li3e 1 11 n i j ! I (33^ 

■ ^j "i '"Il {_ys 4jL3_jJLi 4_u3L>JI Jji— "" ' * ' lj .'-»—" tujij ^j .'..II tLjLajji 
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liitt jili ill jij mJ) MUfti *iUi fe»#Jta£i 

TtJa luI *^ila (jlijjjj 4C: LLua ___,£ Lj-La 4j»jLiJI CjLixjjJI aJJej uj ijJJ ji 

j^aKj ^^ |«j jjaj i I4J S.t.M^j^ ~t — t J >~-_w j-j"-" 1 lt^' Photocatalyst 

U^j UAtl | jjujlj i_jl_pj! JlLo ^jj .^»»ll CjLiSjJJ {_ya L&_jj£.j |_gj j"\ < ! i Jlark-jJI 

j \ 1 n 1, l _ 7 i>- jt (j n n i"i 1 1 «U ujV lfl*»-U ul CjjJsjX. La I j] till jo 1 Ljl^jllj 

jLa iJjjj^LJ! (j-aij >JI «J^J ^->?*JJ ■'— " uj^iaJI rljina J La ^jj^o 

,—b lJlLsoj i^-I 1 ^'1 a I Xj . «_**. a a 4j| ^1 a i"ii &\ i->-~ » „1 ' ^ . ../i'\ jl>«j l_tjj_pji 

^ y uS. Jl (abi^jjlj yl 1 aj 41 ^j-A 1^" M a"w ^^yzjju ?g La 1 0V1 CjuLaj 4£.Li_L^3 

(___£ 4jjjLlJI l_.~r.tl CjL^pJ JL*II au^LiLJI oKj ill ^jl^-I .-■-»-■« jl"s« 

~-*"T JL.'"-'^ '-' " L>* -J "^*"~^ ,»J-»~ uij SJLtii 4ajjo^9 .~'lj *-»■ a< 1 Maj* 

L_jJljJL>.lj I Aj_, . ,X~ jjjj^s ( |_ > £. i_lU jj n_£o->JI cl^JI <jji Lgjjljlj NO x 4_aLujJi 
Ji3 ( __ t jJI lj"j"lt "ujjLill CjIjjJLJI Jluj Ijjfc 4 j j j U 4-aj I in LZjLiS^s ___,]] 
3_vJeji _jjs ^j^ lV~.it a, 1 V' . .." 3_uilj jlj^a CjljJLajjLi lU ,__jX. Lgjl uxv jLLa^l 

JlJ_<P ."■! lax ttJ (OjtiSl 3j^*~ " 1 T-~" L?j >J' ^'^flJ' o^ j "' L7^' O .' '-} 

cJlA j»J-23 1 4jjJejjiiiiJ I jj^ jan i"ill <L* uil Jj->-J cr^J " ^JiM^' iaLlaJI 

i^) ^Ayl\ 1 _■ ..Xi ^1 1 j l_ij --"j j^jjJI Sjjtjl 3j uiTb Sj^JLill lLiIjjJLII 

^1 £cj>.jJU jj^aj tjl ...'iVI 2La- if> ^jjii Sj^lai. Jj-qj V ^JJIj (5 ilmll <HlLa- 
4 iiU'U tLilijJI .'.I )"_.jU"tl ^^4 3__j_LiS ^-^ I ■ ■■ " 4jajLjJI Ij'.'j*.II CjIjjJj ^jiJj 

La (__ r l**- («jLb 7c_p^~JI IjlAj iCjLjLs (Jjs <L> La 4 Iljlj s^J^' d j ~ ." JLslaj 

(jjs oUjoL«JIj ixbejJI JutUalt 4jjLjJI 5jal«tl ^jjjljdl ___)J5 JUJjJI 4jJUj 

( _)^)Ijj>JI 3ju__j3 3jLLI 0A£J _ul__>ILa a.1 ^~. a! 
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12 



ajjjuii uLuj^y t 



j_jjJ! ..-■l^jtj'X'll J£J (_gj S A 1 1 jjn ttlj 
oLJjjJiSLJ^I o =eji>T aSj .cjVL^»jVIj 

j».j«~^ (j3 1 j i iij >j ujSLaj I ogfl Ij if»if ljufe 
l^o.t Vim 'i ^^lll 4jjJu>JI 3_u_^£L!l S^a-Vi 

*\- ' «j .Nanelectronics 4_jjJLJI 






. oLj^pSLWI »_io->J wiljll 
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iZi\jjjLui jHjZ3\ iLjAL« 

^j mi (<ijLj l n( jljajj Walter Brattain ^l^j ^Ulj j John Bardeen ca^ 
5j±4 jJI c.^^ib Jj» J^Llaj jj) 'i-wLJI ( 1 - 12 J£ ill) William Shockley 

a j j « i f> 5jL>-j j-A i4x.jjii,l Ol "' i "■»" (_pt» ,_}»• (^ jJI Jj" '"j "j""j 

i4jJ! Ji.1 jJI jLjIII 4 nj*! c_a}Li>.| *. a ' *l"~j 4JJ i*<j-w OjIj^jC. jl J Laj 

(jic Ijl <i"ir I liiljj 'jLxill «-> " (^ /n^Vitl (j^o CjIj^j ujjl^pjl (jSL« Lcji 

Sj^vVI (^ a_Lol£[jl,l _pljjjl »Lu (^ 4j i^JJj oLJj£.a£ ^>lj>< tujjl^ljl 




> _ T JS> J i: iiMSJI eLj^ill eUlcjjJ J— «m 4_c9lj^$J4a ajj-na : (1 - 12) JS_jJI 
u^jZA. < (j 1 -j" ,j_lfi ^ifll^JI) jj-jl^y i((jr\_«jJI Lr l£. i_a_SI^)t) j-JJjLi i( L> *_JL»JI) 
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, L-.lt-. I 1 JfLo 4JjLc jl^a_j ajjjjojJ^i I hj ■■'— - LSI CjljAfl J-** 9 '"'- ' "*J " 
iTjLJj^pSLWI jj^j^Jbo (_;,!£. uLu i ajJUagJl I Juk (jjj J^j .i^ni^JI j? 
<- •■■!_■ i_ 3j^ « U J SjjJJ jjjj.jLjJ! jIjJLLj d-AAaoJl I j'ai'Xj 3_^j>JI 

Jj in^j jj^- 3-ljJ— — tjJ.1 3j-»JI tTjLJ^pSLJVI Jj^-j ^ sliS I Jj' a «-fljjj 

Sj_>JI <~<I*i^j~XIV t 4jjjjcj«J! 3'aI~.OI jj^stiieJj I - Lj ■ Ijufe .■*«! ;-»■ .'.It 

.(^yJJ^tl Jjir>jlJI ^^JjLC jl ilpj) 4_)j±i!l jj£. aJjUJI -il^JLl ,_, 3 

oMj^sjJJ «LjjIiI (a i ill l^jjlr (jIUj jIjJLI (jj« <tcj-«jtjs cdLiife (jl j^j 
i»^jLo^>Jlj (j^jlj.ntl Ji* .Semiconductors ii^sjJLI 4-j_i jljJtl) 

1 .1 4 1 «_ciaitj V — C >lj^ u/JJIjjJI <Lc.l_Li^3 (j fl 4j uiLu^ll jtj-U — 

3'al*.<ll jl jLio 7-jlj jj '""'J"* - '^-Jy^ jl_»«« L—gJjSj' ■ < M \j <_i ^ *...»«"■ 1 1 

.ajjUJI jl_aJUj 4lir-.^J,l jljj.1 (j^j La 3^>JI LgjlJj^^SSJj ^ 4j-»Jt^JI 
_jja_> ao-uLoj^JI j i a '■ » 1 4-uj gS 11 4 j ' < ■"►j-l I > lj~ ijlii! (Jjj in j_ y i*3 

t^-L>-jJi ( _ :r 3 I j" tj^ *_3 tuua (tjjj^ " (jjj^ " jji j' -u a <_kJT J (jj ^d^H 

(ji^j . 3j^a (jjijla 30 j-=e-ij (jjiLstill ^Lol * fl"j J la *' £>£■ iJ-2j L$J I _>i^- 
"I ■ -■ i -lljjo till uuj 4jjL*JI 4_3jjJI Sjl^»- <L>.jJ JU£. 4J1 ( J J » f*£.jJI 

, t if LuLjJ < _ ;r Juilj3 4iiir»tl aj-A jjLa iSli^sji.1 jljJ,! idjli u cj^Li^sjJ.1 

«* ■ ga ^ 3fc j 1 ' 3jl^»JI lZjL>.)J 

Ae\; .^ , . I«j Lcjj lijiifsVI Sjlll — (JjSjJL . .,11 j ,s+',r ji »-Ljj 

^jft L«s i j^ls'll * ~ * ^ **ju ~ 1 (*^-»l f«gjl<* 3 -' L7-^'j "" 'JU « < ' JL ^j' 

.'~J ~ 'OSl 1 - "*^' *J^^ (JJjSkTlIj .(« I»^ — iz ) JSi jjl (jjs tJ-\ i a 

i4 ■ ■■ Ai j ■ ^» *. « 1 1 jjja LjJ 3jjL»L>3 3j j x_4 (j_aSLtL__«J I CjIj j (jjs 3j j JS 

SjL^-ljJI SjJJI w j ' <^* »(«3 (Jj9J . 4j<i a<l uiill «Jajl^JI t jjjb ^£. tiJJij 

<Jr 3 (J^jjs J-A LoS iCjLJ_2jJjSL3] 4 jjl on <UaL%^a LjjLSj (J_jSj1j uJI (jj» 

.(3 - 12)JSLAJI 
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Jut 


x -~ 2 „,'' 


jtjjjjjl iji (lj) 






j»^jJUJI Sjj (.».) 



Ga j»>juji (jv^ ! As jeJj>Ji (v) iSi Oj>^j ij ..iti (I) j-. ijii^xi «Uii ji^i 



L^jjjj-3 ^yS i^j^t-uajJLl alj i'iT (jli t^llrtl.l j iii/->tl 3j!^»- <l»-jj J i£.j 

UiMia^ja-Vl LAjljus^jj^^yJ! IjJajj^yj^^tl JjjlII ix ■ ■■ w ■ ■■'<'' 4-uLUI 

jljJll JU£I (jjllij .(d>LijLp£J! 4^U!i) ^Lj^pSUyi j>x ,_,.^>Vl .v -nILi 

diljj 5 » aI ... a 3->-j*'i JLjLtiJI cjLjjjjSJVLj (jjSLiij uJI 3j JJ (_, ».jL>JI 

Lo^jUJI ^Ijljdl JUSV A^jLiJI l^Jllj^L l*J SjjUai tj/jlj ...» 

S^kJI ^Lj^JVI ^L-ji: yj} qj^jIj ,„1l 5jjj (^jUJl jIjJLI Jt q-.<I 
(ji jj^ . L$L)n->.j SjJJI jI^2jjjiI (jJJ l$jJj i_gJJI ^oVI itiiLiie <jlJI <uJL_ui 
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^yjj < jjj^jlj cull ajLa jj^ojjCj LaJu£, w -N " j Ls (jLc^ji j'_>^ "-"VI '-*-* 

HJjSLjJjjjJI Cjljj (j^j <Lw *•' ■••'•" JajijjjJI (^^S^pjj 4jjtjj>. ifiLks ^yl\ as*-jZi 
j\j V. ...I 4X.JJ1J ^jjl ^LjJL' I JUfc mJJJJJ ' I 3^ a J I *J J ' "^"' (jr^ < T*^ ""f ^ a - a 

.Holes i_i^2iJI jl olj-irrtll (C-u.l-1 i_3jj«j Lo lfll-»-« ^ 4^jLj Cjljjll 



jj< ; l : ...tl« J it J _,^VI J l it I 

♦s, .j )» •si • • ^si 



* .•*.••■ * * .' • V £al£JI jla^ i^u-L. ^ajjjai 



•si' * ' ; •si > ' •si • » 



• » 



•SI.' V } ' •Si K ,! ' tSS ' J ^C.K.tlXj-.Tjalf-T, 



j '■*- ;*' I I J-^* ' jj g ' * I ■-*' ijijj JdLujI ££—Ll w *-* JaJO |«— WJ : (3 - 12) (Jjk—AJI 
^l^ ...lj y J f -~ It '' i &J a] :jJU*alO UJ g ■*■■■• 6j$Aj ,j >jg" t ^ ■ fl *■> ..." tl 4jajl^J1 ^J^-L» j^C 

.(i_>Lj£J1 laA^J^j 

4_o-jL>JI oljljLaU L^jjjLLa , Iff. Si_jJ| ,„|j lj"l :-» ,T..-%rijj~,<lVI Ja--sjj 
Jatkj 3_t>.jLiJI Cjljljdl ALi LtfS^J ^1 olj->-rtH (jpS ail JJ .ajjjl (j a 

oLbtA! 4±sL>JI CjljJgAll JJX. ^3 AiliS' LgLLSj .AjJLmJI CjLbeJlJI oli 
mJ Jul jjoVI i4i^»JI ( _ r is *>f^ ''d^ 56 ^ ^JL/^"""^' Cjujj^jSJ VI xJLojjj . d .' ^ J * 
CjIjJJ mJj^>-I CjIjIjiaj *_2j dillae ■"■" 4j3._jjs iljljjat^ JjjiJ jl ^1 (JJJj J 
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jjl 3 . 4_JL*JI 5j I j -»J I '"" ->-j ' t l _ysjjLJl\ j'j i" ■ ■■' » aj 

I j*l"-«- 1 (_yjJI ■ " ■ I j •*■*<! ^^3 1 j««lj « i_<Jj lu La (jlc_> *-" •— ' LJJjjSU V I 

i5.tjj.-v O \j •*■ ^ La^ljj 4 ■»!-» " i3jjJl>. ^w>-l O I j -*- ^ }Laja J *? — * t 

~jj-L> oj^ '-^-''-^'J * L$-IM~^>-L> ^j l_i j^LSJ V I (jja L^vi.1 4^^«» <*.>~~ 

(^ J"i a" jlj ~~i irVI (»J-C (jja 4JL>- ^1 |-ilrt*'il Jkfl <Jj-3jJtl <Lj i SjLa 

Jjj^ijj (j '*-' ^* _,a '^i^J^^' LjjIjIjLa tZjLjjj^jSLI'i/ 4j»jIjj 4ojIj 4£jl>- 

ijJjjSLJVI (jl 3 iCj^Li^ojJU aL Cm\ j_uoLl*J 4jii'rTI cLiljjJLJI ^ 3j 

<Li».jjs 4 'if i"i (J.aJO "'J*^'* 4It a ISjLJ ^jlLaJj r-jL>JI jljJLI £ya jj nr'i 1,1 

'"''jT^ 11 " ' *" l5jI >-"J <J3« JJI «LJ1 u SjjjJLI .-■I'ljj'Xtyi jjuc) 

4j^j_a aJ}LL>.lj ^jjj ~<tVI Sjjfi. JjJtAJj . ,_£^i.VI ■*'! '■jj'Xt^l (jja 
CjLjjL^jSLiyi ^Lj£. (jjl I^JaJ J-Li^jill ix^oLs. Jl5loj SoUl jjLfl i^li^^l 
4jii/C (_y3 jjC A'.tl | jj Ll4 jj-aj 'j J^tl J j i«*>j~JI ,j£. 4J j j mil 3j^»JI 

4JL>- ^ L«jlj SjJJI (j^-J ''''j'*; 5>>JI cjLij^SLIVI ^ j^I jjlc. Jjli. 
Dopants <_. ilj i a^Lubt 3j£s i^«U. LLa (jjoj . jl>3" ^Vl j»jlc ^ 

Lgj J ^ • ■' OjIjjJj {j±^~ ' CJ^-*^4j\l 0L1 ujt ^a ^^i.( ^-i^aLl^. (Ba7 _J] 

4_jj>-j-^ <JL)I_oaj3 L^j) 4 ^**_}- a *— ■ l '_»^-'J (o-"""-^ i^jIJji^jSLI jl jj_ --a jjJajLfl 

(j <i i >i J Leva (bjjJJ 4 ;->• Mill 4jJI lm Ojj>J\ CjUj^pSUVI i_iJl>J 2 ;-». .^.ll 

^3 UJ^J^J ■■■^1) (jjjLu VI 5jL! (jj^SJI (Jj ir>^2ll 4 j i<-)L>. »-l»J jlj i" ■ "I 

.(4JL>JI tfjut 
( ■ *'j ■"■ 4j9Laial (^j^^ (jjc (JaSL^JL i_uJI £yz <xll i_u 3j_dJJ ^j^aSjjq 

As ijjjjJIj P jjA ...j .ill JiLo <^j^Li^3^JLI aLi ul ( jjo jilj-a j ■ ^.l ~»i 

UjjisLuol 1 1 ir i_ijIjjjJI (jjufc i # ij i ii* j UJ^J^J "Jl cfJ! Sb QJ o j*i'iVIj 

^ j" («j (j—aj .4jie ilJI <LJ1 u 3jj»JI iJLiLJj^iSLIVI JJf (^ 3 "j-^J 

ji 

j^a^ILi L^J >«/i} Negative-type doping iJLwJI c-^ljJJLi _ i ■ ■■' 
ol^a L^i^ ^jj tJ i^oLuJI i^li] jlj'VI ^Ijj (.jj uJ\ ^ -w^jj N-type 
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(jj> Jinii-*. JJiC J-oo Lgjljjj Jj^i-VI CjIjIjJLI tj\ ^^-Uj La-« if^alSiJI 

LiaSLi] 4jj_j^I t jij < v - i1j i nil i^jLJj^jSUj »^o LiljJijij («<_j»2 — 12 JSLiiJI) 

J^jej TejjjjJI £ya j^>. JL>-lj (j_ajj£J1 ( _ 7 ^juj I «i m ) i4jo tLuJ 4_Lajlj L*_a 
(JS Mill (jy fl Tus^a jjfc L«S 4 U ilj II aJUfc ( _ 7 ^ ui3jLiij V 4 Jl d '— -"■ 

^ jj^sLUJI ojufc Cjljj 4j aj-OJ ^JJI JJjJI ,^1 I ta^-jj .(4 - 12) 

■ -.tjU.tl jl irjLstJULi (j n ■ ■■* L^JLa .2JI ^J\ ^<A : ..M ojjL (Jj^j 

^Gjj .Oljji^pijyi jcla <yj J "in'il.1 LfcjJJ ^1 IjJiJ c£j Ijj iDonOrS 

(jj9 4X. J *i I r-< II Cjlj^j i-ujjljjjl (j_« p_aJJ1 IjUk (^^3 (j Jj J^ II (J j i <-ij£l! I 

4L.UJI oUj^VI ,>. ^iSUJI aili J}U. o- 9 ' 5 .' " ■■■" ^Ij^JlJI 
L-fll liaj (P-type) Positive-type doping 4 ^^a Sj^j l j_ i »£iJj 

(Ji-a jJSLSill 4__j3^G Cj^J uajJJ <L -'■' j_loL2£. jjja j • ■-»■■- i_ ■'■'j ■"■ 

^ A^jJlill 3ji l$j " ^J • B UJ_»^' i^ 'Ga j»j JLiJI 'In aj_jju^I 

Ldjl .V t («.*» 2-12 J< jjl) oLjlPSJI ajiMi ^ic ^_p.Vl Ujl ju» 

3jj3-ji! 4-*jj j?l CjU«jj5J^?I «_s 4 jo a>Lmj 4 tijlj cLiiJj ^^ I *jj»J- r«^J 

,>cj.(5 - 12) J< r.M^yt, \^<.jj<.\. ...tuy.t jaK-,ti J i , r 

-Sj^J (jjJJ AJ xIulII * j J j au flj >4-iJI i-ujl SjjJLJI (jjjij (j— — a (jJa—jiiJ I 

LulJjj . (J_oSjLujJ 1 Sjj *-* 4-^o-AI ■ ■*■" 4 . U» Jj II 4_j p~ I jl>.I^ (JjjjjSJI 

A^JLiJI 3j J I ^ji-Vl jl jlLLj pljia tjj <"i .(jjjiSLiyi I ju* ujL^. ^ c 

7-Qjao 5 j -ar ii 1 1 «JlAj . 4 ^i **■ j^a 4-lse ■"■ (J-oji t ( _ 7 ^J I Hole *j^- aju i_ijjj 
^yfl i_3jjGj jLjjJI Jjr^jj ^^Jtf. l^JjJl^ jljjj SjjJjJLi 4jjw^J,I O I j) -r n 1 1 

^ • • ■ ■■"■I I «Jii^Li*3_aJ,1 al j ■"■' jj^sLin i—djjuj i4jj»-jJil 3j_sJLJL) 3JL>JI i>juk 
IfllWil 3j^»JI CjLJjjjSDVI L^jJI i_j J >u c ^jl\ Cjlj)-»-ii1l a JlA (jii- w 3 

.Acceptors o>L±2lil (oj-uLi 
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dJjL^4^4C j*-*^^*}' 5)jJ Ai^uUI i_JL^« j^> Oj^^l J >**J J*-** 9 .*- 1 J g -*tij ( L^j As 
|«J : jOuall) g-xjjjjlj JJ^jlj '"H L£j""" r t -'b* l iSH* 1 "'^"^ ^j-^l ..." tl^t-.lj tl^ « 




Hole s^ 






f^JliiljuVir tjl^^j >iu JjCj lj niTI ij^Ltfjyii ^InjU^") jo^mj : (5 - 12) J^iTiTI 

i_ajj_,» ^t- ...lj. J< ■*■*« ''j **■" |4J : j '■"! Ij .jIjlII IJL£ ^yfl * ■*'■" ^' -- ■**' 4 iyjj» 3^»i£ 

.(uLl^ll IJLfe 
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i^lJaSJtl ( "u^ailj aJI uJI ) anl'Vlt oil* ill cjI J oljjLJI juu 

^sjjj .Junction Transistor w » . ~-.vi jj-....j'.lj-.tl a^Lj c^j^ La liilj 
^jjlj ^UajVI j^W^I^JI cU£I IjUjUVi '- --j (6-12) JSLAII 

(j-« ajcjnJI 5 U , ,.j* ^ 3jjL jjfcj iE J-ajJL <*J Jjsjjj Emitter ci>£.LJI ■ 
j i«-»aj Mi'ii',^ (N-type) 4irtAJI iJLu, o^Luaoil »L iV SjLa 

cj^LlojII tfLoiiljjjjSjliSj^L jjkjiB j^sjJLj L4J j^^jj Base "•jlcLaII ■ 
» -r. 1, 1 j (jitcLJI ^fu ,« i>")jj (P-type) 4 '*» iiJI ** j > j " [>3ej«il *j j * ■ -> 

. L^JMi. jj^a jJ^J.L) <Ti t i i 1 1 <^jljjijJiSL15AJ 7r a i nJ i^ijti 

jjiVl liJliJI cJjjUl JIiuj .C >>ILi <d j^jj Collector ^Ul ■ 

cjlJjj^Sjyi ^*j>J (N-type) SLlaaAll LJLu (»«JI S^uS cj}L«o»JLI 
.(il^-LJl) JjVl jymijJl^pll i_ajJo ^ 4'njiU 

LSaj tLaljio! lJJLu PNP jti-u/L) t-fljLH^' ^bj- 1 ^Jh'j^' i>* >**^' £j^' 

.P-type .N-type .P-type i^IUI <--jJ>iil 
olJjSLa (^1 j cj^L^s^JI f-i^j <i tn& («-»■» o — 12) J$ uJI ^ jjj 

(j-Gcjjusaja kli^Luajjl (jja r'jj jjja (ja>jj t^ujej NPN £\*JJ' <j-° JJJ-"j-i'^J' 

SjlcLUI (ju iL^tj 3 jiJliiJIj iJjl£,L2JIj '*•■ cLJI jjo i^JjVl 1 j ^JoJ \j—gio 

(j j& jj' uij ''j" (j 1 ' ".' <Ci^Li^3jJ! (j^a Oa 1 *" Ijub ^JJ Lc^>.jj . «_«j5bjLIj 

(BJT) Bipolar Junction ..LU^I ^-JaS ^LS j/. .^l>JLi iJUJI a jl* 
.cjljjiuu)Jl^jJI ^ pjDI IJL* (jHiia .JS! ilb tlruja jjk L«Sj .Transistor 

.4ljJI fjJbljuA (jrij-^ On/Off 3^- J' Jj« mi*» T^LOji J-aJU B SjLcLUI a^5j 

*Lajl*L« JjJ_jj (^ B SjlcLUI ^t E tixcLJI (j-« jLj~JI jJj-° 't 



JiAJ C-U 
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jLlII jj_^i i3j>Ia f^& (jJJ lS-^Jj ^-^ E liicLJIj C * «.*■&!, I (ji j d i^ii-V ifl 

jLj^-mJI (jj« jW^' l r J '-i^ l^JiJ '(■).!* i'i'i I' j« l^">J (j,^ J^JJ uij_)lj~JI (jjN.jl 



N-type 



P-type y u ,^ 
N-type 




M 







E 

i*Ui 
N-type 

*Vz 



B c 

5J*tfJl 

P-type kjJ£\ 

N3ype 



\ 



L 






+ -L 



iem-^Bcy 



•A*l~Jl - 1 - + 



(-*) 



|«_iyj <LtS (J5j-« (1) NPN £>1II J - ^''-^''jj* ■■■j 'Ij't "jj--« : (6 - 12) Ji_ jJI 
C iJL^JI >Jjj^LJI J^ LJlJjpityi JLSuJI "UajSj (^j) ,jJL>.IjJI -«-<~~» w u^t-i.- 
'>_■**" (<u :jjl_i^1I) (^) B a-i£.LiILi Sjj^wjil <u»^ll OLcl^itl *_2I^» J "— "' Ej 
.(uU£JI I.1A i_aljj» ^<~"'j; JJLiiJI 
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(JJ 1C (Jj i >-y -»J I (^yJJ l_3Jl^j La jJLOJ -_j i tail 4_ufc Ljj_o jlj-o ( _ 7 l£. Ji J ' — **- * I 
1 j I AJ* 3_Lj^3 (j^ol_ji- 1 j^'* j^Ijjj oj j i" "j i.bjv 4jj_jjjSJI xjl^-_u 
djijJ-oJI o!i 4juj_uJI oLj r uLjJI CjL>Jljua (JJ» S_lJJL>- JLj^-I 4£.Luu<aJ 

(j^3 <«j 3jujl>. ol ojus L^jI i^u^l ^yJj mJ-iJj 3->LLI j jii,Vi'«, .2 jJL»JI 

J ^-j'^ 3 >JijuaJU 3jLLI L4-1 . ■ ~Oi '*■' iL-eaJI aJ^Aj • ij-J-S £>■» ' 3J** 4l*«aLLa 

j«J (j-«J tdjIjJll jj-« i>U^La 3jL*j LjJ 4jf t-i m!l 4jvl uJ.1 SjLijJ 4j«jjlr» 

Ji.1 J 4 j i'i sb a i^u\£ (jl Jl»j ?r t-i nrVI uJl* (_yl£. Lgj'ji £y» t_P^-* f*^ jjLH 
<L5jLj. (_Jj) irVa. (^ Ljj_tll Lo£j -jji in'ill 4jlnr aLojI (Ja3 3jULI diLijj-v 

4-jlcLsj JoLju (j-« -ii^ Ttla i-uVl 4-»-l ui^a SjLj (jlij <i_>ljSL]l I jub £y» 

i VliLo aL^-VI 3^jj£ diLxp> ^ jjjSHI i_ufcJJI j£a LjJL>-i I jLa .3jl II 

3$fl I jj i4-i .1-ij-kj J al^c. mJI ».» (Jc-Lal; V JjjJ j Lfl 4j| Ju>o I IJLfl 

igj'i 1 11 a (_^3 o_>^-^ < 1 ft.MI _)iii CjI nit ilij i i/> La I jl 4JI Juj .J aL>. 

Ajie^ uij'^^a I JJ 1 l^jl^Laj IflUj ijj (ji^. J-**j i-lU j jLa >j JLJI 

■ 4j^3 4-uLi-a-iS di lj "*- 1^ 
Jjl o'm*. Jjl — ijJj (3^°' ij' -*-" CL>^ ' ?i ir» 1 JJj-a iy> (* — C-J-J' Lr^-J 
(j-« '_H-^ Ur^ '_5->LU' J"^jl? "' *JJ-" 1* ^ - " ^ '"' ' ii " cH^' ri 'A! itl 4__jj|j 

1 n 1 r-ij J3 jT LaLsj 4 3jjjL3 jjC CjJIj La _j__JLlII roJLc ( _ 7 ^ j *ljjajl 

JljJLl ,1 j 4"^- (j' 3^>J * Qjlja \jS La I Jt^-i a I ^j ■"■ tiJLui jjl Jljj . Lft>j ■ ■■■*" 

jIjII 4JU- ( _ r fli .5j<j u,>l£J1 ^p^iJ aylj^ I j"<j ->- ^"o «_■"■"■ V SjjJLJI 

^j fij l^g pj3 il 1 k» 1 u aj a ^jx. LgJ 4 mi U j_^*»lj->Js (O^B j j •" tAL rfcjv . j I 3>_±jS 

4_j»jLiJI j'jJLI (_^>lj_i. («— ^oj J^>-l (j-aj ' Ljjl mi - *. ^J 3.1 L ys\^. ^yC 

'I t~*_' (jJLiilj I jukj i3j3- (jjic <Lu^JlJ 3_iit>. jj^ jj^sljik p j-^* jjj* JU V 

iiilj (jjfcj .Quantum Theory (^ -Mj<itj ^l SjjJiil >( «l^ > -1 a "■ 

<3 t~ J d - - . ..\lv tl jjj^jj (j^jlj^ --_■—■—"■ i_3JLgj ClI ■*■' (_jjJ! 3^j u«*lt 
^j£, Ljjl ijjt jLul J^j (_,jJi 4jjjIjJ1 jljJLI (jgj" 1 11 a (jlc jj_-t»*iH 4^j|_s^ 
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(jritJ (jjL^ji jdiaj^aja j£^j»j(i<i ~i'tljSLll) /oSLII ixiSj .j jjo^jlj 100 

• La f-^j mi 4_i^>o j I pj inn" 4 -t-Ti i Ifljlf J ifi-r i (j! jjSLcJ 4^a5 ^j-i-uol 

(jjijjj » t~ " ■» (_JS Juj 4jjt±iU iSLlaJI 4j^£ jljLAX f^t (o£[JI j ■ » j (i< j> 

CjLuj^~iS I^U ^^LoJI J j <i « 1 1 («£jl <j_>Jaj Juljj -j-»J uui ajIj JS i~ij 

L^l^. ^^ic. Vj JjJu V (''M-fc. Cj^Llo^II aLuil-j 4nl*ll,l 4-iai<JI £jjt jIIj 

LSLjjK^n (j^a Jj i n ii 1 1 (__, i*U (fl Q ii" i (jl I i K <i_i iaJ-23 La jUoJ (_y3_J 

SjirV.T-a SjL^i ^ <Ux-»jj Quantum Mechanics (p v.ijOi) ^1 

^ .1 o"i «j (_5 j II «.L^j-iII (Jjo fj HI ijJJ j 4j| (_,!£. 4_Laj luj CjI oJSj 

4 i "lj->J i/> j «* J fi'flj (_£ JJIj i((oiiljSUI) (o£JI 4 J^iaj ^ylc- 4jLi uuLmJ 

JuCJ .(_, jjj-hII i(_£jjjll i(_£jjj| Lfcljj uid JU£. SjULl idj I i ii j jj^sl^i. 

V 4J^SJIj iAJ «Jlj >4JaLLJI JLo SjI LI ^^sl^i. jjLa .oLjjj uJLI elxjt 

CjI m j-xtl j I aL%»-VI <Hi( j jljj.1 ^yS i_£oJLa ^A Lo£ tluli JjuucJ j j «" 
j jjt'itl 4jjlj^iill (JJJJJ (j-u^aS 4jjj <_ilojj j_gjj| (j-L»JI <_y3j . oj jjSJI 

i_k^oj t^i^ SjJloJI LjJ (oiJI LSLjJl5Cja (jla iSjj^ll -I ...->.vl 4^^>. ^^ 

^iaajlxJI i£j)*i i ii c (jl£. I nj*^J>j Lt». Jj^cj Ini^j olj julj CjLu^>JI i-iljjl i n 

.4JJJ Loj Jjvl^JI 

Moore's Law j>» «j>Jl3 

cjLujj lJI < ni^'ia ^ Gordon Moore jj a (jjjj^i. Ja >.V 

olJjSLa r'LlJj (^ S^4ji jj^^l Intel Jjj) 4^^ui — 4j^jji jinmU (Ji^_9 

CjIj^jjj-uJjI^jJI J-XC 4^cLua^a (jlSLxJil (jJS 4JI .<~tlj ■ ■■■ « -^ ■ ' — ^Jj)_i i <>\'l 

Central Processing Unit .(CPU) 4j)£j!1 jJLJLl c^\ jl^-j Sjej^i ^ 

(jrA^oLc J£ Processor ^JL»il (« ~>\ l^lr jllaJ ji^»~iV*i La SjLc. (^Ij 

j-cj lJ La I jl 4jJ (>->JI tiLJj ^ ^lj Jl^j -j^Ju 4-oKj (jjj ^ <^i!^J 

u ,^1 1975 ^l^ji j^l*j j^u juij^ i_3j_^ 4i«iiai a^jj^sj^i 
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r-ljjj iJiVI I jufc i_3_^»£j . 3jl>-I^JI SjjI jJI L j& djfi a '-'til 65 (jic j— j_>j 

'"''jj"' i uj ''j** 1 '' ' ' ^~ ■ ■■ 1 1 JJLaJu J • '"> ' ' i _ T i3 aJju i_uj i^JJ! _)_a-a (jajL^J 

<_ji ljls- (jr s (jjjLill I Jut ct^ -' i~i<* I -iSj •>— < i-uL>J! 5j^>.) oL>JI < «ii 

.(7- 12) J< J, II ^g^,^ US. 2007- 1971 ^s^iAJt J>U 

t— lljjl I iij-ll^lUl J -IX. (ji 7^1*1 i~ rill «j)-»~ ... ■ IJjS jJLI J^ •'• 1 1 j^l j U»'.U ij 

4 i j 1 1. 1 Aj~*tl J!M-i- ' a c I ■ iaj Ji3 i_< ulj^>JI CjL*JL*jO r-LiJl ^,3 3 A tj> j 1 1 

. 5wa lJiJI ^DU fiT o 
jjQJt U*->I>lS3 4yic 3iU"«tl GUmbJf ^Lu) ^ ^IbJl ^ji/fllutl 

L&_^3_aJ (jPJl 4 T L>-Ljj'jl CjI j ■ S" 1 1 (j^J t jja 4jl j^yS "'I "• 4jjj (_jjijJ_j 

(jj» (<i V irill -SJulJI I JL* ^1 jjjo^jjl jj^LaJLI jjjo (jl£ La ijjLiJI Lt>-jjj i^'i 

La>jljL£.l ( ~ i U V'i (_yaJlj i jl»-IjJI wJLtll ^ 5 ^ i ^--, ... 1 1 lJlllj_J^ ujjlj^jl 

I JLfli -i_JJ>-JJ .3JL3.J jLJi.1 ^J».L>. «2 J^Jjjljl J jjl Jj£ — |JjJJ» *C ILxJtL 

i^l'"-" (_, '■ « j Jl3-IjJI * ILtJ.1 ^ '~'ljj~ ...jMj'tl jja p~ .^tl jjl»JI 

( _ ;r J3 Sj S«l.l 4jjLujJ>JI C)l j^lll dlj->.l (jyJS ^~"* J ■ "J I— I LJjL>JI CjIjJlS 

jjjuai\ 4_>JLx/a <_j— 3 4j!jJ^ ** acLjajSj <5jl>.IjJI 4 jjlSJI jjja jj ■ •■**■ 

(jjuJI I j**-j 'J iSj OLlLSj f-^3 d 'j ' a Jl a ^j* i ■ ■■ >' Jea_sLi_u4jl i a '" *» * j 
U& 3 n i ^-*. ... 1 1 ''■'jj* ■ .J ilj'.ll jIjl^.1 cLAcLiiajs (j-a i_P->j ^\j '■ ' ~ ' '^ " ' 

90 (jjl a^jJI ir<li^>j (^,111 iLajLlj! jt\ i^>"i ^i/^ 3 il>^ <^Uij >—>\ >JL»JLl 

£>J»J • l__p-flJ-lL! 13U (jT-i^. >£>^ (*'J^' 4 ' »*> J-La CjJlS (jl JULJ I_^Lo_jjU 

till jj Ijiojjlj 50 (j^a JSl i^JI tlilj>3 i-ujJl^pJI jLljI Jj^sj ^ J h"iil,l 

^«^ lJLI ^,ln'll L£il j (>o (»^.>II (jAc-J • SljnU 4JL13JI Oljj ^Jl J>Li- 

cjL>JL*J,I 5x.L1j-o I x>.jJ^J£j (jls iol sJLiXlj ^I^jJI 4xllu3 ^ a 

j^fljy L«J» i4jjU,I LjjIjJ^j I AJjJls- 4jL^J ,_yJI Lij^fl Jj-ali u ijJL>JI 

Lj^^j^ ±\^>y ^.pi-Vij jisjbVi ,^—11 a^j^psjyi jSLajji ^Lua 

Lowa {JJLjjI L^-^aJj) tS"t CjLl12j ^^ i£. 4j]S 3j^uaj Ji <a"i*" 4JjJu 4 ^** ' *" ^ 

oL>JL«J» 4J_oSLil CjIj_jj ujjl^jjl jj-o _^jSI jljL£.l ( _ 7 1c J j ■ -~ ~- 1 1 t=-jjj 

.OUijJ^pSLiyi l.iinl^jJI 
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Lithography jJa- Yt ^^ic iic.Ul»Ji ; 

.Lithography »U ,.,S?l ^^ 5<-[ ,un 2r.z~ l ^_ £L L£jl»J; jl Jj. 
!^$ IjLijjl Jj^jJaJI f uijlj jj- 3 ' Lh° l^ix^j i-dJJj lg"j aL» I 'it i^jl i 

o Ju* -I '-*-" ■ ■■! ^IsLuj^jj . 4L»\\ ill jjljjjlj '"'^jj~ '"j '^j' 1 '' * ; ■ ■ •*" JLfcja 
>uudj (J^Li- (j-4 till jj t Lgcl^jl JSLj SjJjyJiSJ^JI 7=-jlj "Jl * .' t-*~ »<Liifljil 

j^^LoJ (jUri Molds i_JI^ ji Patterns ^JLoJ iU (^ Masks 4jl£i 

.1 jj -7tjlj iJt LAcyl^- J-»->J 0^ -*!>il jLjuVIj i«j jiJj <_J3iijJ.I J£ ill 

4j^a jjl»J ^1 Blueprints i^L^I JojI^iJI ilj-L-u ^iUill ^jla jh3 
(jja Substrate f<JLJo) 3j jSj ^.i^ ?■ jlx-ill » j-a <^2 uj i'hti ^ji^i 
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Ij^ntj (j I inn rttl i^ya j-±j& jj 1 1^-> jjylc <_3j_j_»JIj j j i n 1 1 f jlr*> (^yJS f ~'U 



i^>> jd-tf* 







4-a ■■;--. ..n Lithography g-JaJtj pj>Ji Jui*c ^ -i : (8 - 12) jslui 



Nano-Lithography jda^Vt ^^ 3rijhtt ^i jjUN <lj 

: LaJIs (jLiZj^is I jj" - ' jej ■ ■■"■ (j^iJIj 4jjjUJI *»<- 1 ,Utl 

Dip Pen Nanolithography (DPN) ^^^ill (JiiL. i^UaJI ■ 
Thermal Dip Pen Nanolithography (tDPN^jl^JI JjUI fA21L ^LkJI ■ 
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4jj jjl Sjill '.'j*^ ■■■jj<^* Probe Tip (^ at*) jl ; ■■■■- i_a^la ■ ^Uj" 

jjIjJJL) i^oUJI iujJiLUI J^L^JI (.[±1 ^ Atomic Force Microscope 

jljj.1 J's i°lill LJjSLa (jjj'vjKiiill |3^J 7=-!° "J jlj "i 1,1 <-J2>jlo <Lui^J^La ' '"* 

4jIj£JI fn inLi iflj^jtilj 43jJI 4_JLc. Sj'.S'tl a juk j^jjj /.^ l<~ J j . *- — 1 1 

4j1j>>JI jUa^Vl <\ n't l^ Sj_UJI Direct-write Technique 5j iLlI 

l^kU 5jI>II 5_j^iUJI jljll cjIIjjj. lr 4_jji>Jtl Molecular Inks 
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13 



3b£jL}l uU/Ludtft 



1 DLp. Sensors ol uuLu^JI cj)_ c. 

(fckuua (6JU LgjLal Jtsej i-ul i'iT loTj £j^<sL±\\ 

/L4-1J4 dl) C I ^ ai l f ]S ' 4^11JeJL l OL^-LxLiaJl 

I"M' 1 1 jj .Ciljl il (_y]i I j"i*^j"j 4Jajj>J,l 

i(_)jjjj uiil L*A (^ o m*. (jJj slj jl (*<j"«- j-a 

L-ajaeJ IC-IUUJJ CjLsj 1 1 fl (jjO lZjL-uI m-sJI tf^9jJ 

LajI^I jjIjj Vlj 4__2jLb 3j ml iii-*-! »' 4" jl 

/* ' *■! L-LJ La .Jji>o ^J 4j_ajLUI 



LgJ Jilj-d (j— * 4j-LLgua Cjl ml iii>11 lLUj (j^J 



sLutlaJ' ^-j I j VuSlu 2 1 e< ' ■+■ t_L>jl» 
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,~.t ...I ...^i 3 J »f..--j j'ii '.n Lx>-^J^*i^1 

Jju ^£. jL» "~ ■■•VI jJLatja ^£. 4 -l-lc j^ jjLllt I -l^jJjJSj (jSj (*— ! 

i~i« 13 Jlo9 i4_o_LfljJ,l jl« ,*:," ...VI 5^£%.jj <*■■ ■■■! ■■■■«-ll a_£LLua ( _ 7 ^ J" -'I ' 

3J^>-I p ■ ■■' ' (jVI l_9jJLJ La £"Lul (_^ 4j_)lSjLlVI l2jL>-jJcJI 4 (O-CjJI aJl2j^ 

oU-jitjj^l JL3.1 jju L ~J\ Nanosensors <baJLiJlcjLJ , ,.-».11j^1«,Vi.,iV1 

Jl9j .jLi ■'■■' ■ -VI JLre-4J ^1 '-»* ■ -VI fjja 4^>.jjj*j jljja L^Luaoj 4jjjLiII 

I j" * 1^" ( _p3Lii>E_ilj L$jjj 4_ii-j .-.I , ..I . ,.-wll . < 1 1" =»L*j>.| jjl±o ^^aLu p j ■■■! 

3 J J t"i aj 4 o <ja ■J j * j ■ t->~ oVLsc^o f^JS a.\V" uij (_^£ LkjLkJJl (_yis 4U»-LiJVI 

SjLcjJIj i_JaJI iJjisljJUj *LuJI JL*jo .Cj^Ll^IjIIj (Jiill JLsbjS I ^Lu ^a 

oLiictJI lL7 _a^iJI (j^aVl .ajlflll <LaX ^J|j ^Vl .4 iJjjJI .4_L*-uaJI 

CjL-uI i,i-»JI «^3jj La (jjt Ltya-jj . ^ 5-»l,,.Vl T-Lljlj f-LfljJIj 4j>S1 i-ujlJI 

LljLi^m ^jS^ja. 4j^o) , V t.V— it ^^5 ^ uiL^id (J^JJ ^J ^ '""' 4^J (^y 4j^jLuI 

^ Luajl Oiihj ln> SUj^tl 4jjJ| ^ a_^ rX.tlj Q-jJJ^<jU 5 /■>_■■,< II 
j-4jj (jl j t~~ '■ 1 1 (j^aj .4jij ill jl }n-*. Jfb j i i~ II j (jjojjl jj Ail" II I i«->j JLstx 

(>^ a'll SjLjj 3 « i y, 1 1 ajoJLJI jlj LI rLu} JL*^> u^ 4lu->ljlU ^ j-^-H 

^Ij jUi'ImiuVI 3j-4a>i 4j ljiI ■ ii-fc-j <aj jljjj ,jl iSjLLI i^jIjJlj c-ttMlII ^ 

Cj_^c. (jl JLk-i 4J3jjLa ■'■! •»■*'« jjLUI <~il . ..I ...-«- '*■*»■ •"I J^j ■ L^joLjo-I (Jij 

oLI . n->i1l Liilj i JIjII Jfj uj (_yijta i4jja^jj| I i~i U iJLi 4 nli'ia CjVLssja 

5^»^' ...II lLUj jt .ajjbtiJI JUJLI cj'^ 1 ^ (jJ^ 1 t 1 ^ 1 ur^ ^.iV' ,,,11 
^j ■ "^ r I j ■"■■! ^jja 4J^>. La J Ll> t <J& \ A i * v A Sj^LuJL t i^aSjJI '"''J' J ' " /^ 

4J3jjL« ^ til! j^j i_i^lji,l ^ SjLcoii] 4iL3jl 3jUr *Liiii ^ L$j ALLajjVI 
•*3J^3 ' -^^j^' \SS' ' " A 3 *^J L/ J> * ^^J-^J t-^Jj^^JLI <r<^j ■ ^ * ■ -^ lZjuLjj * * ^j J 
i^j^JI ?->U.I l<j_ilf .l»."l<j (jlll 4j^LJI lLiL-uI ih-hII^JjIa jjl»j cjIjjLUJI 

(_$l iajj^aj iSjjUaJI pLajjIj 3 jLa-jLkJI <J>>JI J^I^lII Lyic. i-SjjlII ,j 3 

■ J -■* jjf LiJ/C- jj^J r«J I Jl! .SjjLUJI *lj^>-l Jt^-I (jrfl J-JJ Jl9 Jlax. jl Jii. 
Jjii uilll 3jLj ^1 IjJaJ tiilij J^sl^lll jjkill IJUs Cj\ ...1 ...■«■ 1 1 4£.LL«-s 

.4ijijJI lULuj^^jyi ^LlV'rnI Jul^JJ (j-lVl 
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4jjJLlll jljll Jlx-a (j 9 4-Jljill Sjalttl CjIjI n-mVI I J A tlljl JL£} 

ljj» I J i>-l ijaj JL3 L_aj <4jjijjiaJI j_&ljlaj| ( _ 7 ^ SjjLIaJI CjIj j *' 1. 1 J us jl 

jJjkJIj 4Jeu>JI Jui-T ^Jtsjju 4j^K SjJ-flJ L£C_a£j (J^* liUjj iS^aJua Cjjl_j£ 
. I jfjJSj JLlc 3^jl...tl L*jIjI jj-a JL>JI jl i L^CjJbj «_il K-Jj mil Ji». jlil jl 

4^1 n^l ' C 1 1 ->*■ LI (_Jjj__uJI j i 01 j _ T 3 4-uL*jj 5jj uaj IjJfe (juSt II J 9J 

aLvIL iijLflja aLlJI I JL4 Jju=>J Li-^'j "^ ■-■ l •■■ — tl (jjs <La.l<TiU ilill dilj 

I'lhrjLHjj "■"■" u' Ly>^- il^c ^ IjJ . %21 jj^^p^i^, II (j i^sUI 

(_£ JJI '*'! «-; ■!! fi^*->- (_y^ I "»•> '^> L*3j 4 ** — a t^JLvIl ^jl i u a i^rl* 1 icLU^aJ! 

jt jUVm* I jufc . 2008 J.LJI j& jVjj oljLLa 4_JiMi j^ j&\ ^Jj J^j 

Ciljijla 4_uL»j j^ej ^jjl Jj-ax! 2013 aUJI 4jLgj (j3 <«4>!l I J-& ' JcLuVij 

. (2) jVjJjLm. n.ntj 

#t^Ii (j'uijl* Jutajl 2UajlJJl .".l,,.l,..^tl 

<dS ilt<a ^JJ LtaaJlj 4jjLl4jSJI jl_jJU tfjJfcjLi *lj^JI iijjj 4JS J^a jJjjsj 

«jufc f«^l a") \-tS . 4jtLu-dJI (jlj LJt_j jLvIlj i^alll rLTJj d)'- 1 -^ er 3 "J ±l£ 

IjLjJjl uJUj <_^l!l S^xaiJIj 4 .laLjJI (jljJLII (oiiijj ^ S^jiaiJI 3I< All 

4_JLJI a/.K..,tl iflliSLJI jLLLa ^ Lnojjuai. i(j jl£ ujl j)a'ill ,^3 IjjJa* 

j^ inll JjliVi !_)*•! Lh*J -4^.1 iirAn jjjioLu.! (Ji.lj xJl* j] 4 aJ-U-a Oj^ L^ 

( _ 7 B (jljjll jj) j> I'll (jjo - 1 i> jS f-*ij iSS ^ (— S^LaJI ^ji iijjjji £jc f- -»- 1 '. 1 1 

^jfljj (jjl 4- -tt la 4jkL>JI ( * i -r j i n I iaJLjJI (JjO (Jj->-I ^^isLi-a ct^J (Jj" 1 ^' l ^' 
JUoj j_y5 Ig'ij 'liLalji 1 j~j a ' L/ " a jjJJ-* 4va,ln"ia 4-q.jJj iS"i jj *~ 

SjjJsjVI lij^IlJI 4jSlj_a jjljj jljLajj VjL3 Vjl djjllll CjLjj i^ua i*jLLoj 

. Ljait Jj.^ — tl jji LU^.1 CjIjLuJI iMI'i; 
CjljLtJI i— a I mi'iSIj JLioj j^ 4-a.lV~<nl,l J-iUJI '*■! ••■! ■"-«- i"ijL^-v. J3j 

IjJaj tiJJJj i<j^xII JL*j» (_y£ (j^LaLiJlj ^!o>LJI ■»! a"i aL ^jjJI «.Sj^J! ^a 

* ^"' " ' ' oj II (JLne^i ( _ ? a i U^a (j->yJ J J ' 4jt^aZa 43J (jja i»^3_JJ La ^l 
iljjIjSJIj jjjkJuJL j;~'l JLjcjj yi (jSU lOljlill (>a _»j»JI iIjIj^U JjSjJI 
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Cj^LjLc^ _jjUI jljja jjo 5.lj.l->. <LajLLs rLlJj ^l nj^^JaUl jjjJLioJI Ji'L*. 

4-~ulJ3 '"'I ■ "I ■ ..-~.il S <- I ', . -> ^jj Mi^ AJlJcjjjiJ 3 a 1 "i". 1 1 jljJLl lLUj jjjO AjjjL>. 

SU^jLJI 4J^j^SJI t-uJUl ."■'--'■- — 
iiJLi 4jaai Carbon Nanotubes 4_j^LUI o$i£l\ uujlii ^ ^1 

^Ij 3a^U S.imjII LajUljLir' , J Jjuu (^Jl l_^Iai eUj} 2uaJI jLt* <_,_3 

(21 
. _. u* - ■■" j . CjLml ih-*,TIj jl« ,*:,".. .VI 5^«.| <cl ii>-> Ig'ia.lna ^^S c*^^ 

Cjljjll,! (j^JJUJ ' <" .^"sl dLla jjljj (J^Li. 4jj-iLl!I (j^J^Sjl tijlljl CjL.ul mv 

(iiJjj 'lS>^I tlj^JI ^ '■» 4-jjL*j£ SjJejf ilufc ^^ic * ^ ~- j 1 1 4jjL-»jSLII 

_^i«"i 1 1 JLloj tr^ ^"l"^ ih-~.1I liilj ^ya J^ulII ~J>I ".I I <i"< <_ij . 4jJLc 4J3.1 1 

■"■« iU.^.1 \_a | j| ilLIjj i(j_jj^SL!l (. ijiLj^) Sjjij j«CII 4jlin^II «jJ9 ^ f-fll>II 

. <LijLv~jSJI SjJejVI (j^a <Ljj|^JI 4^_ljJI CjL^J-a CjLuJj>. I j« * O-Ll-ljjIj l£j 

MjjLiJI C(_gj^>JI 4j^jfc (_yi£. (4J-5JI ~il-lj (^3 jj » S '■ 1 1 j| Sjlj^JI jljLflja i_iajj£5 

1—i.j iLJI '"" --1 ■■■"- -J^-^J I » ' "<* .jQll (Jjjj-u w ^* tt • L^jLj-)^->- 4j Jajj^j (_£ JJI 

jl^ 1 NO2 tlrywju-y^" -4 "^' u^ J^ 3j^L» 4lu f^a SjjJLllI ijjjjSJI 

JJlC ,yB L^aij ~-< jjLJ Vl I'll* 1 L^LaLjjl J Ic <_~j uiJ jlill I jufc l~jIjj)^w 

CjUj^pSUVI JJUl jjl (_,— II L ya2jl\ I jufc f-^JJ • L&> Sjya-jil CjI ij^jSUVI 

^1 -fl"*-' L4JI (_jl tCjLij^iSLII ^ * ■ - -■ jjk q*~-j^"-j'-II SjJJ ^yvjljJI jl jlJLu 

, Cj LiJLpSLI I 4jjL«j-i ^ o~i^ a^a-VI Lkjl Jbo tuoj <_,£ Jo^B Jl>-Ij jjj^ jSLIJ 

Lf~-J^;"'j''" 'j- "^1 (jr 1 '-' *c£>-*" "~>Lpjl JJC_J • "'j ■'" ■ ■■ " Sj j -- • • -»"■ (^Llluj 
LJjjJiiJJ f3^* ^^P* »4jjjL1JI jj^j^SJI - .j'l'i ( j^a ij^jj i( ^yjj-jLiJI » Ui ...II 1 

*jiS ^^ I ,^»al " 1 ' I I '1 1 4^j u4 i^ys-jLiJI L*jljuo 4_i JoSIl (j^jjSJI jj « 

."bjJLUI 4j^iJ>U "uj^SUI "Ul^ojll 

Luj^oVl jLc. (jLfl nji 3-J^'nitl Jy t»tbl (_yJlj jLc. (Jjo ,_ > iajiill (j-^-J 

JL>-Ij ^jj^SLII -iJuu LfcALtu^a L5>? , -" *lj4" <jr^ *L-' J-*^ "-* ■'"*"'.' NH3 
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4_jii>J I J 4j] ttJtJ I i_jj LseHl I i " ■ ■— ■ *-> j I Jijj _j . LgJ 4 j *j flS ! I <jj_t^3_ji, I 4_»-l3 

j3Gj 4j_jjLL!I (jj i>^-^ ■ _cUul <"" ■ "I ■»-«-l 4_u_^Sj! 4 j 1 1 r>jJL I < j tt (jl 

CjljtiJ 4_ijI j<ij^1I SjJejVl CjLoJjsj i . m iLjVl vsJa ui\ lLLujI JlIc l(joj°l 

• (jlijJl! hj^j^SJI jijjjiSl ^jyjlj i^j^j_^SLII .>_ii uST Jal iLjjjjs'i/l nj^j>.jj~ijill 

S^jejVLi 4jjI^]I 4 jj-JI iljsjj ,_£J a tejjui (jK al (j,a (*A>^ (j ^J 

La 4jjoj& JUJlmjj jLiJI A ± i - ••" (jlSLot (jL3 i4m« 4 Su;* ^s 4 jjLiajSJ I 

(jl (jSLtj 4j»jj}U 4 xij^LII 4jL-aail jl J Lo (jl ^1 ilijlll jl iJI 4 jj^ 

^j-^jj . 4_uLuu£jl S^iejVI (jjs 4 allse a p I jj I J»->-J A-a ( jlj^J jlj (j^taLuj 
OJJ^JI S^^ ^-jL*J' j" U '"^ l 5 J U; " cr^! <-a«M3 4-di£La JjLscjI (jVI 

(_y3 4_±£.jJI Jli£. A_Laj uj i"mT-I 4 «!"-»■ 1,1 jJLjjJ! pl^jt j^a ,Jjl3^j AjajLJI 

JUC. 1 Jliil Jjj <-u (jjijtS . 4jjLj*j£JI 3jifc->VI flj Jl jjJS (j1JL<a f>J J J, iVl 

«_uL i_3j_>jlU jJL^jJI p'jjl (j^ ^ a ■ '— 1 Sjojj^U (_y>-jL>JI Tela uJI (Mia 

(j^j^JI 4j4oJi ii-»--h" l^JLs (Polyethyleneimine) a^iuil j^Liij i^W" 

*(_£j^>- Jl t Ml" 1 nl (j-° L^iSLtt-l I H Ml 1 UJj^Vl jlC. «(_£J^>. -3_«*-J jL» Ml" I "I jj^- 

Nafion (((j^flLill)! 2 ^ ,u J -.-■ L»iu Ijla ir >_!>"'.: '** "4 i-u^i ,^jIj jlc. 

jLc. *(■£)-»■ J_»-^-_J jL» — mm ' "I (j-° ^ J >J J ^'' llft^ l" (jr^- ^W- 1 * ' U ^ n ** Cr^' 
.^j>.j^uJ| , Ijmi^I (_^jIj jLc tLSJ-?^ ^ 6 .' T *** 4jajj/l^j tiiljj iLiJjjaVI 

«^|jj| jjCJI ijjLi^ (j*a ^'C a"i 1 1 nj^ jjfc ^Vl 7"j-!aj J^ (_£ JJI J1J ijJIj 

I j — U ...I ^jlajjj Xtt 4jojL11I (J_jjjSJI 1 ijiui ^^ 4_uj4S!l 4j1 i^jJll f0_t3 ( _ y 3 

Jlj uJI I JLA ^ ijU-^Uj S4-iSlja.j<1l SjiejVl JL3-I e^^*- j-a Jal jJjHJ 

1 ijibVI 0J-& )uu3jj 4jjj3 jLi mm 1 11 VI jL^>. 11 j i 1 ^-i"i J_iiL 4JI je-Usjj ,jl Jjj 

(J 3 jciiijji jjk LoS »4_uj^S SjjIjlj CjljJjaJI JL>-I jjs Q"* J Lua^a £," . a L/V 

cjlii^La ,jj) JL>. jj»- ^ jUmmmiVI 5>^>-i A>?"J jucj -(1 - 13) J£ lUI 

^^l^. 4jjLc. oljjjjw (_jl x—^l^p aJLC (_yi»J I j_4 ij^S i4 T ulj<ij'Ctl 3j JcjVI 

j«ja (J"" (_jJLiJLij tL^j 1 La jjj " I 4jjjLl!t (j^jjSJI 1 .jjjui (jr ».jL>Ji 7cJo uJI 

^j^K \ 1 jLilJI (*J^ (_y3 OLu ^J m^jJj La "jJ-ij Mj <QjLi 4-ijj ^LII Ljjjjj^aj^s 
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tj_j>j (_g JJIj i4jj_^SL1I 3jjI jJLj jLuJI (4j5 ^>j-*J (_ji£. ^j -^ « 'j La tSjLjjJLl jl 



4j>jV ,>>.jL>JI jI-l>JI 
dl->i~ all <u^jlj (j^j^S 







djftjLDt t^iL-uj! m-sTI l/-i»] i i jS^j A^jjo — ''^J-'w ^j^^"'p ■■■j : (1-13) J^ miTI 
j'j i~-» ■ r ij ( [tia*ijiii.~.iji»n,-iHjj». j'-^" "^'3-' '*'-*" (r ') ■JJ^) C "' .', .'' '' j ■*-' ; ' t j tl 
^l^^Sjj^JI^SUj^liJLij tfrl tUjj^SJI 4jli»-»3ll (fctJ^ j j j i1 Lr li(>-j)-Iil -i ~ n T 1 ^L—j^ Lj 
(t-iU£JI I.L» tjdj-* * l, ~ "'j.' J c "" ^ii 'J '■"") . ij^j>JI **_■;" Ojiil jLkJI tjj 



2uWt Afb»tt <U>iLIH CiUL-atJl 
4JL>JI CjL-uI i n-v. (_jJLjj • Jj* '"■"" eLij| LjJ (_psjjjj (_ 7 oJI 4nnll 4_ljLl«_iVIIj 
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^Ijicl^VI fjs ~<u>e.\fj» ji&2\ Solid State Nanosensors SjajLUI aA^W 

{jrA L&j-ic (_ylt (jjiiTu £< ;i3- lOljUJl ^_yi elj^JI OUs_ala Ju^sjJ (J , iljull 

^^ Ijiaj j^ill oljjtllLi j__i)ljJI (^9 oJLvll I gSS-Sa Lgjj ^1 imTI HjjVl 

. ' ijJUJI Sjlj >JI obj-jj Xl£- Luajj-ai. . tgj A Ia±»J.I cbjjjjl 4 liJI 

lilljj ^ La ■ •■'" 4-l3._^Jj IS" JjjJaJ Ol i-ul ■■■--" ( j^o 4.,-i^U <lLdJI i ( II") - ' ■ -^~j 
tiUo j^jis oljAi!! i_i ...Kl jjji <lii3j A ■ ul ma- 4_ixLa a I Lasj i ul JiJ-* 3 o^ 
At Hi's! ,^111 4j)laJI ij.-KVl t 4jjJLII pL-ipJI JuCj .(j^il im-«.JI ^;Ua 

Ti02 j*3JJi*M*iil ijni<? (^ISj ZnO cdjjJl LuuiSt Jjij Sn02 ^.w^nH 

tfLjil jljja (_^3l^>. J.qj>.") (^rlllj . WO3 ,> cujtHjl Ju t^t <±JIj till j£j 

ol iijUll 4£.LLu9 (_, fl (_ilajj j^iJI 41i». jjujJdl jljil jj jl . O^l i^jil 

( _ 7 ^ (J^AJ /^jIj aj>Ju oljLiJI ' 1 *-»j 4_lB1 v*J 4j-oL>JI ■"'■ 1 ul - uJciJ 4jajLl!l 
. 4j^La <L>.jJ 400 J 200 ij^j La 7-jl^jj 3jlj^>- oL>.jJ 

iSjaJLUI jfij£J\ 1 ,_iiL)l ^^ 5mU ol uIih-nJI ^ JL>JI ^ U£j 

(^^LJ'II (_yl£. J <)"«-> Sjlioll 4JL>JI Ol uiL^aj J^iJI Sj'v nKja 4jL_ 3 

L^j jji«j 1 1 Lia. j;jliJI 'j . ..<Vl 3 ^ .Ul 2j^^Ctl 5 j I , ^ j 1 1 ^| 3_«jLiil <«_iS 
3JL>J! ol ml u> Jjjj Ijuk .OIjLiJ! (jjo (_£jj>JI s-I^J! Oujla oL—jj^jj. 
Jj^aaVi SujLall (*j1 ^ jjt'U <_, k. Lji*t ^ S.U'tU ijjjLllI 4 jlLa" 

. (10) jo-.,.,!,! jLoJL, Ju ,';,-, tl 5JU J* ^jj 

ji«.-?,",„vi Ujk^}j^S3j^iUJl 1^>jJjJ£j (jJJ J^lSHll 
^jagf I elj^J! o^lj ±uaji Jul) ^a 

l_gj-»<j t _ 7 lll 4 itisjVI ol uiLxiJI J^Liw jj^a jjUI Lc>.jJjjSj O a-Ljl 

4jjju ol ml ■■■■y 1 Sjaws 4J0 a"fc.a ol i_uLi^ gj ^ * a! Lae^ 1 ■■■ 4-La__i_iil aj 

4l»jtu«j *'_J4^' '""'J •— 'ViP U1J * -'-'■^'J-l 4 j \l ,»'al «t2jjja j_iajj i4__ii3J 

ljuk J-lSijj .Geographical Information Systems .(CIS) 5-^ljJL>JI 

djU-»lll 4JljL1L1 J) J fl *»" I iSjJjLi Ol ■ "I ■•■-«- (_yi^ (^jI.-hII 'iJj)'i>>U jl^->.ll 

Personal ^.^ iJI (j^^l JLtl lJIL oJojj jj^lo ^ >t5>><JI o^JllJ 
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»ALJlle»*J»i£d 



juj^J j»U^ij Bluetooth o^jljl 5U..,ij, Digital Assistance (PDA) 
j JJL £_« uij La .Global Positioning System (GPS) ^LJI jJbljll 

(jr 3 «* ^l"-» ■» • al^a (jr fl iij_aliJI CjLaj i n n i 4_i^oL>JI CjI a j It n 1 ! «jj - •■ H 



«_a J^ ' ^J^j" *J _» <^ J*^ ^ j»L»JI jLioVI (2. — 13) ,JS uJI ,j — *»^J • Jl>-Ij O^j 

(ji-a.j^"nill Ui nl^l CjljLiu ijJ^SLiLj 
.djjuLLUI tiJ^L 4 L)jl djaj^i. («!» 3 - 13) J£ iJI JJJ-ajj I AA 



i _■ . ..Ki t^jljLc j^>-j ■ ■■■■'' L^fic Lcjj^a <&jJI 4jJLc. i<L^ljjL9Jt tiiLs^itJLI 
J*s Mill i>tjjj .4jjSL<jJI frLo.^U 4a^-Ii1I 2j<-I ;,^.tl jjJoUil ^ys ^l>.j^u1II 

u in : r liJI ( _ t aJ9jJI AC. I lJLI jL^v (jJJ SJjJLiil 3jj uaJI (iiiJ" 3-13) 

Jaj^ll J>L>- ;>» 3J ii/jJLlj i^ia^jVl ijjbljil ol Ia^a jlj^! *-* ^ -^-jH 



(11) 



SjJuLlill tlljSLJLi djjjua uJS ij3ljjL>JI CjLajUU aIqj 5 ^; -■ ■ 









GIS Data Base 

Jaj|^>. OlJLj dO£L2 



PDA 



GPS 

JU.L-»U f Llaj 



>jVI ^&»LJIj S-jSl^il 4Jll»*w. jlJL^.1 



(11 (*3j u-jIL ^^ItaVI "j '"■' j^.^11 JiiJI (»> j oir->~i J^ci) .ij^JLJI JIJJJI 



266 



«d^Ut 4<UU*JI 




(V) 




(') 



^JoLIji (jg jrtj>-jj"ij'ill I j i uLSl oljLc Cilxjj$j Igjlr i ij ; » <Uajj»j- :(3-13) J? iTiTI 

.JUtijVI 2ualjll jljj'i |*3LL. j_a J>»>LI ^y-aj^iJI ^-aSpl -icLJtl jbj*. ^11 



jLjjl *-a 5 i_oL>. iiJLi <U*Al j * ^iojjl tiJ 1} "tExJ La (jJI Ij laJ Lg uiiJ 



,-iUl^.llj oliijUl Jul^j ^ jI'.-'IIj.-iIUj^.! Ij jl-» .11 tla.ljJ^pJI ■"'! 'j 'j'll 
rlajl (_yJI CiL-ul in->JI JLsta (_yfl ^jjlaljlj '*•■-» 'II (_f.ll Jl^j . l^jJS ^J'J.'J^JJ 'jj^ 

llIL Ji«J$ . " Nanochemical Hydrocarbon Sensors a /.L^xil ^.ui 

(ji A 1 1 n" 1, 1 j 4jj T_ill 4 ij ill JLa^a j^fl ■ )a}i£ __pijJ 4i!Li <ljn i»l lLiI ujLuu>JI 

(_jj Lj£.l_jjl (_d !"■■» a j_/u j JJi'^J ' ** J'J.'J Jj 'jfl^ CjLjIIJ (jjt i— j uSDi 



j^ (JjjJiJIj jLiJI jLT jj^ S^ ,,,"tl djij ijCjj ij jll jljj^l .1 ir>j jj^ Liajl 

jliijill (Jijj I (j ijj 4^j^jJIj ■"■! taojJ Ij jLscjJI fb3 (^ 3j^>.jJ.Ij 4lij uJ.1 

. fl\ j oil 4jjj^_uljI 
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OULiJl £»[>»' <_Ldajj ^Xuaji iLjjJLill ■"■I...I...^Ji 
LjSjjjsVI pLiiaJI 4Jl^jj 4jjLiftJI 2L>.>UiJ S_.:Ujtl iJl^yi ,-,* i^.-,,„l j^ 

i M<pJI 4j$JLj 4__jjIjjJ! Cl\ lJmi-JI (j^a ijaJL^La Lcl^if NASA (1 ^.Lj) 

cuJjul j£\ CL>\—i\j}\ JjI>>. i_l!»jj .i irij ,_,_a Thermal Nanosensors 

-I '~' ■■■'; liiJij 2007 j»L»JI (^a >JJ^I (j— A 2-j£j>-»V| Luj^aJlS 2— jVjj 

/IT') 

(^ 1 u<Li g< jus? jlsj . Thermal-imaging iSjIj^JI j^.v.tl 3 r.~> 

l(j<i-»-j i i ii «" j (jl^UjI pVjJl f-^ljJl <taaij ulijlji. *-uaj £>£. «Ijl!-uII ,Jj!jj>JI 

jr .lj jl ja£ ( _ 7 Sj^j«VI ^ 'Ujll ^jjlj^JI j£j-a j»Lol (j£j («Ji3 I JJ .4 juu-sjJI 

jl« iVn ill 5^4»-Li Sjjj-a jLJo OJ J O* ^i?*' "^J-* i»l' lV~mil (_yJJ LjiLj illSj 

i3jju uiil (JjIjjsJI tilt J^sjj >jjj jjja 3.1C.I i ii nil «LoJl5jjO ^j^JLJ i^jlj >■ 

(jj« I JuJl>. LjL>ija 4__j^jUJI i*il ...I ... — H I ^jn I Juu 3-/ '-^'-^ A » . U I j 

.ajj JUu jjja Loaj jjLlIl 'j^-J^j'^" <L>.'^J (jjJi '*".' '"*-~^ (jo i'»*> 

•» y - . 

( * i o i njj i ~ i ■>» ]^c J (jjl_^>JI JJ^o ("it-tin"'! <*'m">- ^nrWll ,jjljL>JI (jic^LLa 

l^yjl Jculj_>JI^ OULjoil £Jl£ < " ■ I ■ ..j I juSj . ■ j^->-jj LftJojkj ^LsLii JajljJ>- 

*d"'T"^ * "J L^lsLSlJI j^a l^_iiLija las. VLujjj i^usjVI ijulailj <L^ljJll^l^4 

«jisj (Jjlj^JI <L%^l£Li3 Jlj 3j jtjjl (_$ \ ■*' [ 7"IjI L«>« i4j£jJU i^j) u \c 

fjji l^«ia i ^i.l^^i L^J^-boLx^aj (J^IjjJI jL*i.lj A seJslSLX <LaJ^m p jt-U^ 

jli ^JJI J-sjJI Jj>a iJa cul^j j^.\ ,jlxi\ (_yjL^UI ^>j>5j1I jlJat ,i ^j 

^^3 ,4jjLiiaiJI Luilj illSj (^ j\I*.LjJlj tl nUll £j& jj... '".II ij -3 ^ jl I j'ta, 
l_jj|^>- Jajlj^>- («^"J (jr^ 3 « i^." ... tl 3j ijlS~. II ■'■! . ..I . ,,-».tt »ja 4JjLiil_i «kjl 

eijl ^.L^v jlia Line Scanning ^U-Vll ^ lA\ 3jin'i Jj>1» (>c oLLiJI 

^jljjJI ^jJ.1 ^ 4ijLa 3 _■■■■ I ...■«- j 3_jjkLZLa 3^j o_^j Sh 4jj|jj>J| ^JUJt 
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ijj| oJ£ I j^J jlS j^j .JSI^^JI l<1!j i i St" ^ <LSjLbJI L^jjjia ^yk. 5jX c 

.3.n i<-»ll ><i fl". o (j a ^jSij^oVI (_j ilajjl ^j'j-^l 3^>" J^"J 4jjLj ^ j jVI 

2Ls_uLLa Llj-a (j-a SjjJjjJI 4 Mrt"ll tiilj 4jj3j La ^ IJ 4iLuoVL I JLA ^L 

<-dJj>_j <Lp- jL-ujJ LjJL-ujIj j j i r\ 1 1 4j>JLlaj <_L>LzjJ! < _ 7 lc. Sj . 1 5 1 1 ^^a J 1" 

(_y4S tltSjJI (jj> Ij-JjS L-J tali CjjIS Ct^' 4JL>L_uJI CjLj-LSjJI ^j-a ^j^jSMI ^lr 

L^Isj fjjs JiJPJ^ •— '^^ t_J ( ifjj ^Lr Sjoi!! |»Jtc ^llJLij iCjULuJI J^i— " 

. 4jj>-j A v .".l ■ fl S JJ ' *•» ■ 

^.jlijj r i,^M i.*.M>.j aj. i-i. ^«j*.(*,n ,~.i,„i...^. 

i±.j-«. Sjulj 3jUV; 2007 j»L»JI jjjj ^ <LuLai]l 1 ^Li iJLSj liuala 

jjljjl i*'l ...I ■ ■■->- !_£Jl>.I » j * ■ -»" £>>» 4jj__iIuJI tljjLj t;T 3 3^_a Jj V ■ ~ ■ 'X «« 

iJ-«-»JI ( _ 7 ^ 4-a.i ii"U '"" ■ "I ■ aj<Jl tiJJj 7"Ls«J i_j-^ ^L>?^ ' " ' ' *->J ' a J 

4 h* i rill ^jjLH.1 JjI-sjj {j\ ji"i (jii. <2jLill LgjjJL^a ^ys-jLiJI -I .^-ill ^fl 

aJL* J»^-J (ji a LiJ ui Vj -aUjI^iill 4j£j_U Ji-l-i crS el>*JI ol_jaU. 

l j^a (C^.j-11 (jyit .4 juLiajJI 4-jT^ all (^li-ljjl tlj ^11 CjtSala Qja l_i uuJI 

lilij (*£l>3 (jjl lj-kL> till jj 4^-5UI ^UaJ 1^^ I JUJL^i i.. .i.iij -A3 . LpJLis 
O^L>.jJI J}U. L^jj-ai. .2_lLil,l 4jjLi^ai!l 3 <j 1 1 ^jj L^jLjjj CjIjjIU 

.3jm ^-il (jJI JlIaj JL3 ^^lll iLalaJI 
d - J' ."JU^ (ttJalll 4_l12j j^& A l~ t" ^ jjllll Lt>-jJ_sJSj CxCjIs J S_j 

I jufc ^u.^i ^ Micro Electro Mechanical System .MEMS ^jimll 

^ylvl-jJI S-4^>^ UlailaieJ U ■ -J (« l» 4-13) JS ill jtxiajjj . JL43JI 

^A lJJ^LIj 4ajLiiiJI 4i3.jJ1 tlLt ^ j»oieL lJ ^jjl jU -l."...^! JL^jJ 

(« l» 4 — 1 J Ji ill J i^jJu (j-ul 1 .. ar .1 Jajjjj CjLuj^pSJ VI j^jo 4Xjx» 

i-tjjLJI '*•" '-»"■ ■■■' Jk^j . jLj->JLj d J ■ "^'J " '"' l^'ijjj'.CtVI 4j>.^1j I j* a ■ ' ■ ~ « 
4l jJI jjjl IjJii lLU jj (jjUajSJI ^^LcoaJI dJJ j ■ -j<j' ^ ajj^LUI (j_»i^' 
oLaSLII JjL>JJ lAJ- 1 " i>9 iajLfllil ajjJUJI jljJLl tf JlA LftJJLG ,^111 SjjkLHil 
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*AU1 L*#l0£j 










(') 



(^) 



Jw'llinnTI SjS^II AlU* i^ill jlti'il mVl jlfrjJ c ,t-ijtr>'i |«^J (i) : (4 - 13) JSjiJI 

. 1^1 jtVij iuSj-sJJ AjjLiJt LJLj^ill j>JJUJ J^oji (ji-iirt>il,l (ij) ^jjliaj^tl 
(i-iLSJI '■«.. ^tj- ^l ij. ( 14) j, iirtlt jji Jja-^ll JSLill |«JaJ ■j 1 '- 11 ) 



^Ic S.I ft'tU 4jjL*jjI CjLaLuJI ^^aUI Q>ill oljijiLaJ ja» Cij iIjjjI 

r-LuJ Jj'_>^ **T ■!*".? ,S W>^^' LP JJjJ.' li^i't.j LjLt- iMI i—3 1 I ^' mV 4jjJ9jjo 

(CJtaJI j i trij jj^JI 4-flitJ i fi i nTi (_jjJI 4jjJ3jXI |JjUill tilt) l jjo 4 <_>. 1-w Hj-il 

Oik kc\'ns< tjS JjLfrll *J aoJI IJlA jUol jyjj <4j^l-»JuJI 1 aJjJLS f-1 fljjlj 

4£|jjl«j dlj-r ii"l,l iil£ jx. 4j>.IjJU i fi mi^H (J^is ( ~ i -r i <-i I i4^LliJI ■ " ■ I j •»■ A*. 1 1 

dnjLLj Jj-^-J (jJJ IjJoj lilljj . d AlCl Ij a.lrtil,! .-iljl 1 »tl jj^ (j„. J~'J L_^j£j-A 

'"'|j -»•*"■ II ajuk » iin ( _ r 3 Lfral.>Vi i nl <j£-*J <_yjJi jljll ;j-« 4j«jjiIj 

lJlJlSLII i_3Jugj 4-l^jSj>JI (jjLill ^j-** ;j CjIjUoJiI Jia 4j^>JIj <ij-»j~lj" ' ■ ■*»! 

L^Zu uLu> ^j^Loiolj L^qLscj>-I j^S JjLJS tCjL&£j^JUj ^Ij :*-doll Jl& J^x. 

IflU-yi (-ill j J£ . L^l^a si jV Ifl.lU" (^l 5 jiojJI aj^Jil\ Jjlo (^k. «j>Lc 
i_fll miS~i i ill oLmjI ih-w (_y3 Laj^I^j ( 1 -<rj (_ ? jJi (_^alj->JI sliijl ml ^£. Sj-lou 
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(_y3 L^AJJjJ l_i -u\j 4jij)< us (_jJI 4 sLlIsVLi IjLA . jjiij-A JS uij ' ' ' \j ■»•»■" 1 1 

ijjj^aj! ■ d j -» U . „ 1 1 <-.-wi ■ aij , ■-. 1 1 .-il< ■ ,~.j LuJujjJIj -»-j -"11 JJJJ i4j_jLstl!i 

^pLol I— fll I'li'Sl j jLLfij (jj-^- <>jjlJ9 (jl^Sj 4jl>>jl 4S I mi (J5^-i- (JJO Cjl ml iii -«i 1 1 

^1\ Ijk-sl oULlJI Lil t JL_ujlj Lojitj uJ.1 5jUI frjjj CjIjttii'iU j>>-j 

Vjl 4-p. "J J uaj CjUIojJI tiilj (_yiJj JH^J Lc^9 i<UjJ i^i LyS J^a-jJU 4j3IjJl>J1 

AitslSLa JLa-« (_,*» iXI Jii3 A j * S". 1 1 . .1. .Ml <_£j_l3 ( Jli jjB^ ifu (j-»_J • Vjl 3 

j_i£l JL9-I JIcj 4jj3j1I JjUUIj iIjIjt-iViU ij£. i_i £&1\ ^ J'm'U i_jL*jVI 



4j^li; 5]^i3 ^yfl '"-^ ~- *"t i o*\X Bj. 








( l) JSL-tiJl j^ Ajk i i^^l 1 Clt— m)UmJ>JI ^JL>y L ^j taju L» urj J5L.JJ1 7e_u>^j £*_() .4jji^Xi 

d^u j^ Cantilever J^jIS^Ila^jIc ^>»u ■ ( "-j- jj ct .' w lc jg" ^AhJ 1 *^ i-^^?- 4 

4JLlSj *Ls^JlJ 4 -^ -^ i ■ ^* 1 a!, I - ^.'J I i ufej.Il J !^ /i-a <Ut4JD d r Ja i 51 ^**i J iJiftS ' \ • ■■ til '■"'|j" '-' 
JrUJ (r) -j- 1 ■-■*- !1 *^U ,^t I ^U'.tl J ^-w : i'a l^iijt t-Jj-w ^JP*5 j^ J- 5 -* L° J "' ■"^ tl ' 

*V """ ^" T ' « J ^' &j£& ^yic ^S^juJ) ^>SU-) jjf^xlj S^La ^j^j ^wLui^JI J^jLSU ^yxjlJOl 
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,^1 ^La^M u 3 L^fJJaJ < nM<" ^yk. 3jJ HI (jl.tS'^j MnhVJLI (^—SLaVl 

1 j'jal i ,^„ iljj ^1 jJLaj cLuLajV! oljalttl 'i j * " I LajLA (jj£) I a 3jLc 

5 j j) i^i (j^jjLkjVI » j •»• i""i !_) '• ti La . 4_lL=- I _lj I l^ifljT- 4jLa>- u£ I g~i Mihj 

J V i"i («Jj . 4J_jJl1I tillj (Ji-lj «Ujjljj».yi <« j'ljl «/• 4li^lj^ (^ SjjiLja ^f£- 

jjjO ■ " ■ ' J » ■ -> « (HJJLfllj 4-loL>JI J j * " 1 1 )J J 1 -*- 1 1 j ^_p (_y^ j-iuJI Lo-^Jj lS"l 

\-£u uiLui^eJ J >Aij ^ n A r* Jl *jj" *■» j (jj^ A a ^^ jLj , .,". , ..VI *J ^-»- 1 

' < ^~ j Jl"'"' L»J .4-JLc 4^3 _U ■ fl^j ■ .^>"j 3j-*r <i" I, 1 jl^il (j 1 .' j ; J 1* " (^3 4_ajLjJI 
4_dj*^j L^^-L^jl 7C-UJ La 4-L£.l_LuaJI I j" ^ 1^" ijioLaifcjLi cLtajlill Cjl uiLui^Jl 

1 j ■ -»" (_yit "OjLlajSJI d>t ml i ii -^tl llUj J «-c 3^£[i jSj^jj .4 jjLualal 

IjJaj c^Ujj 4 CjL»3j-iiil <4 c\ i i>*» ^^3 5 * i ^." ... 1 1 2jj ,^«tl jljJtl tliLjjj^>. 

j^c-u ^_ 7 lxJ La i*l ir>iif ia (jljlr 3j\>»- iZjL>-jJ Cjlj (jj^-i jl_J-U tiJjJ jjl (^J 
Cjl ml i iitII 7c-xu La 4J3j_iJI 3jl^_». 4jvjJ .1 ir Ljj|_ijjj>- j^a 4 K 1 1 r> u— ui 

SiLuiJ 5 XI,, .V ^IjLiil JLmjIj ijij'^'j i^jLy_^>Jl «-dJ3 'j^' 4jjLv4jSLJI 

^UixJ 4Jjaj>J.I »>49-Vl ^l 'j' --j' (^Ul GIS <Li3ljJu>JI CjLs^kil jcjij 
jjuuajj .<U^3jVl iU^ljJLIj 4jljLUI Jl>3 i£-i! GPS w ILxJI «^lji.l JljJlso 

■j"l ■■■->■ J£L> a-noLiJI iLuMill i^jLjjI juv}U Llaj cjLajUUj cjIjLlJI ujuk 

(Ji-JuJIj 4^Jj ajjj in) tiJj ilJI jl ajlIJI Jy>-J f^J^ , l.i J -kj jjSLqj «j ^>>oj 

.dJLkjV^j^iJI 
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«lS_jj1'j ^LaJI jl oil i iiVI r«-3t»- (jlc i— SjjrjJ 

*£.jj| ^^l^-J -<La In'tl La.jJjjl'C'ill »j A ,^3 

( _ T ic 4 oM nil CjVI a-_U JU J -»o 4 Jj t, i .-< jjo 

L#J (jj Sj i 3j ■" (_^iilj jjLjJ! I j-*-j*j '■*-"■ 

J5U ^Ul jL-ua^VI ^_k. Sjj Ti ll 

jjj_S <t__i j — St^Li ji j-Sa± 

.National Science Foundation (NSF) 



1 ^ ll .' I fr-t. 1 ^N , I jj i'-J 



L* J^ii .Jc -SLiJI jloVi ,„VI ,«** jli, •/* ^ V ' --^Vl^ 1 ^ 
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*Jbpj U-Lu 'J * >2015 aUJI 4— jI-Ju <_,£ t_£l ijVI j o Cjljj u/ ^iio-^ Juu 

Jjuaj (ji 7^>^>J <"ij"w tjJjS^l (*\P' '- 1 -* ^ '"* **•"'.' i— Sjjji 4JI 4jj1_iLJI dl mljjJI 
,_£JLs j£. j t^ill ^yaijj i Loj^xj ! I jiniii 4 i mil (^ J^jl U>i^iH ^'^ J^*- 1 cr'! 

i<bJUl 3'jJ^' *— ''-"'J^ (jr^ LaJj-OJ '"-j'""j a_JLU Lg£.Lj3j}l 3jLu__ujV d " -»■ ■*--« 

LULc (jic L4-0. (JJ Jill Jj^jJIj jl "i£JI 5-r_i'i'i ^jpJIj J_j-*->JI L^jLusI ^yill 

iljl n^ll j/s jjj£ L^j^a-I ^A\ 4jjLuajSVI CjI uiljjjl J£ tji>> j^JSj . SjJiii 1lL« 

jl jlv.'.ll jjo <uLs i^jjSLII 4j£.LLuoJI Jjj II uiiLojSL>.j -S^i;,^ll ,3 r,-> ,11 

f^UCjt I j'ljl -V. ...I («J*-9» (^ tl>^ 3-1jLa 5jJ3 jjLlII L^v^JoAj .sLualiil (_p-4J 

jlcli/^ill J£,ya 5_J,LJI cjIjLIu-luVI (Cit3- 



■- M ■ " j-ii pjln i ii 1u _ojuj1 lo-»-_aJ_aJSj (4-?o jl >-djl ^5-i^ lj' .?*-. L)- 4 (j^ 

4JL«Ij dJL^j (ji^. JaLLaJI j^i ^JLtll Jjj eL*£.j (_>^3j 3-J iL^KaJji^ullj aLlII 

(_yJJ i4j^jLJ| 4mtjII pj^ol^_jJI ^j^juj ijljV 3j^_LiS 4_JLa ,'il .^..-»-» * p j-^ -^-' 

CjLaLj^jVI » Ji> (j— * "tSLlfl ^1 j_iiiill ^yi A -^al ~jj d <I*,J» « <JliU^ i_)J »■ 

I >jjj 4JI jjUI I^j'j '^" r*^? ' '^^ -Ldl£ i"tl .^ ■ *-.-»"!!« Cjl^LijIj gjg ±*'J 

^ja"lll (j-I Utl l flj lll.l*fcj jj jjl ^r-ln-IT'llI ftLijI (jj8 (jJ_ljJJLlj (jJjJ^sLUI j « 

4j^-uull j_t>. il J^U.1 JILsj lj-*-jlj'X~.U tiHj jl jj^j liiylaJI (t^jj^i. ol^Luj 
jLxjl jc !jjj>.VI ujlx^-^Jj) iS'll '~'jy (j^JI L^ISI ni aj L^»^«jk jj) (__^d5iL>JI (jr s 
jjkj (fl y i 1 1 I J-* 4j^j ^^.-..y.tl r-jLi. jjO ^j -» » ; II Cj«.Lui Ji^j . L^J 4jlpr (J^i>- 
J^ Lr 3 ( _ r «^Lc zlj ^ ■* *.tlj ^^o^SLsJI •>! ^'/vVI j^a jaiuJill jJLflJI IjL^J jj I "1 1 nj 
jj i^'ill ljL^j/<uft^ i <i n (j 1, 1 c j"" ■»-^>-»'" J^l i_j^S f«^J j^os J-a£ il jj . aJulII JjJ 
A3j .5j"it ill 4$jl jillj jjUlJI Ljid 4jJjII ^JLill Lx>.^JjJS[j 5«j_iU I^jJl) (oJ 

I /j ^ ■ IA aj d -^- al\ a a fljLxjl I 1*^- A I ^ j^~ I ~ 1 1 A • 1 L* t A 1 l~t A I (1 45 t -^ >JM AJ j a > ■ I 

1 _ 7 lilj ' Jj^** '*-£!>£' ■"'! ^ '-^J '"'1 1"" L$J p j 1 *«- j _' (jJjLstja .d Al*-»ll CjjLkJLI (^ 

JUU 4_LoL>- idjLuG Ij I 1 11S J jlj ipjLiJI (J^-J tLiL-ulj ■ t»-» ■ ■■ Ij^JJJ (jl 1 ' j"^-"l» 
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fjjj J^j.J^LUVI (jic <U!I i_3J^J i^j «J i^^Li-l^^iC. Ijuu l^JI Ijj caj(jt 

L$j»L*IlSI jj^Io J>£ 4 n n V "i <_i ulS-a ^Lv jl C iij 3x.L*>. i^Jj^oil IjJk ^C 

ijli n"i«j i-J^LAj il_lJL>.J J-i tlfUJ 5 lii! J ^yS L^jjiiij lfl~Mrt->l 4 iC .la iJLsell I Jl^J 

l(j^ inir-i->"U Ljjjl-t- n ijjLiil 4 ij II i n I'lina u'llfllmaj «_iLusj 'L?- , ".' a j (^^-J 

. d Al'^.11 i*il Sj.U~.ll I'llU^i-v aj jLacJ j^rS <Jj-»«-ij3 Jj ■ 'i* 

JjL>. (jji — ^jJ^jjj iS~ j-LijI — 4jo^>JI Li^jJjiS"<!l 4J i*i i r»j-»3 Laj UjSJu 

^■Ha-aJI CjI m-v i ij"i_p (_, a i if ^illl (jpLc tLajLiJI Ljjj \na Cj^Ial (ji s> 

(j-'lj *kJ I (Jji >«"'! 4 j i n") jjjjjo ,jx. i5j j o"i a 4-j£.ljj Jjj-oLa-a T'LljIj 'i£3.3 ^' 

1-l>-jJj A~U x j" '■"■ |jl (jja LfljjieJ SjjjlSI lLUj iJ 3 Cj[jus\j^£.i\ C i ft aj -(jtjIjjJI 
^Jjjutjj 4 o£ ■ "^- ■'■ - La ^- 1 ' /yic j j i uJ J I i4 i ■■ d I ~ Q '• I ' i ^ i 5j i ■■ * 4j&^>JI 
.^^Vl 4j*JI iTjUjISJIj (jLiuVI ^yfl i£j_aJI ^ria-ull ■'■! : J-^- 
i>* llri-^' J-*" J iLaaia- iSJLLJI 4-lL>JI i'II".. .<\j<.-..\\ ajjt Jla ilijljl JL3j 
JjI^j-^^jjkJI La.^J ? jS!lll L gl-LAj j> iaxL3i4^l^i i 4il jjl^j^ liftVUOiLJLjJI 
tj{£j i4iijitll 4jJ-ijJI CjI^LcjjVIj CjUIjVI jja '^h£^ ^ Ijnmltj ikliLaLgjVI jjjn 
U ■ ..j 1 1 jjj^aJI Jul 4 1 1 IX II Ljjjjl JJ '""* (_jJ| L^mjjj JjJti TujLiil 4l-»-f 
a! niiiil (j^ ril Kii i4 a Vi>> ol i JC 4jj)j J »i1l Lo.jjji'v'll i'tg-vlj _LaS 1 1 jj 

pi a In it, Li (_Jjl ^j II j^aal iJ^jSj (_>^J UV I * i L^aLjo (^JlLI f a"~»-U 

■ ip ininViU <il ajjjlj- 4^lfl*n nt,l jl 4 •*■* 1 1 1 - 4 j I« U Jj jj I CjLajSLs-j ixljjdl 

^ I j m^Lujj ljta."<-»-J jV iieJlxIl *L>-jl JS ^ 4jjjJ,l CjLtxiaJ.1 jlj Slj 

i4jj_)-UI 4j"it ill jJLaVlj 4__JjjJI >JjUII J-^3_J (J^-l Cy '^-I>ia>s Cjl tL»l».l 

jM'^l LiUjj i4 ajLuaJi 4jS^L>- jI (jijljijl (j— a <^jaJl^ ^j u Jiii~ (j^> 

jj(^jj£ i^JJ •l5>= > -' 4 j"l ■»■ I (jLal ^l ^ n in V" 1 1 A r,\c CjLcIjliI r>«j>- j»J c 

jUj ^ji*. ^ Jijis -J^J 4jj lioJI Ojsjjk a5 .4_lIju>JI CjI liiflHI OjUj jl 

(jJI 4-ual^JI HJrtivLJJ 4jaU1l CjLcIjliVI rL*3. Cnrj<j .ajjajjl La.jjj;<'ll 
. LA^jjiajj 4jIIul Jjlj-a <njlXt") J^Li- Jj-a jjLiujVI 4-ir ua (Jj\ m>i 
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h>5LJl at->m'ti ^ ^Tj Oil 3Laiy I 
LbJjLC |_H-oj (_yjJlj ijjLlJI Ll>-jJjJ\j JLaesj <a1^J,I JjjJI j '■-»"■ CjU aJ 



V.1956, 



J*o 



>L*x 



I JjjJI ' 



D i'i^im j na 



jjo'rll jil^jij 5tjaljj (_yi£. pIt mi (3^-u (jl l^jjlr LoljJ jjlS JloS i I jJ j * ■"" 

^(^UJI jLiLVI ( ««.(l - 14) J< ^Hor^.^m Ll^^J^j^ It! 

SjJLAJI J^L>- (J-»-<=J lS-^J '_jJL^' Ll>.^!j X~n 4jloL»JI 4j!bfcJI 75-aljjJI r- ** * 

• (5_1) j^j j jWI- u^j 5,„o^ 3*i yjl .2008^ 2000 (jr^U! ^ U 



2008 
2007 
2006 
2005 
T 2004 
^ 2003 
2002 
2001 
2000 
















^S 














— 1 — " -" 
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1670 
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a vk^Vi i^UI ^Vjll 


170 


465 


697 


862 


989 


1081 


1350 


1730 


1930 


• («ij"v) l *jjjiii.*~'in 
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1050 


1460 


1680 
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. 2008 3 2000 jy«Ull jru U S^Lill J>U ililiJI^SSVI JjjJI ^Jc [£.jy> i>>LJI Li».y>£jj 

.(5- 1 * t 'j " j " ;| •*"" " ^ j '*' • ^ *~y ' "'' '' : : " w ' " '*' i"" 1- ^*j"^t- ■■■'j'»''j^"p"' jf ■"*') 
2000) 3^.^-.ll ^,,,-jll .-.Ij: .-II J}U. 4Jjj 52 c^La d^ 1( JLiJ1 Jjj 

^£lj_«j Cjjjcj JufcLu .4_tAJjlSIj 4 j 1 -»■ 1 dljo-jj ^al^j ^j "j ...l"i f.Z009 — 

^ ^jJI ^ I ja . 24468 ^Jl 2009 *UJI i,!^ ^ Ujjul J^j .>_.*: 
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Jj^jj jjj 4mi^»V*iU cjIjjjjJLi ^ J»JI j iUI ^ a£j\ JJLI JjjJI jjl£. ij\ 

3.iT*U <«jaVlj *LuscVl JjJ II frja.-fc.a ( j.a .ijjj 156 (jj! 4 uiij aUJI ^ 

. lj-4> LLojj o'^j 4i!illl I frUaJj 4j^ iJI J_J3— 5 ,1 i aj . 3Jjj 192 Lajjlcj 

,*di. (_yi 4 ■ a • a *»"■ a SjjJLa- CjI JJJJ jl.l i<-»j ^^ 4jXL«JI j mi ill jJJ (jj3LZu 

JLaJ.1 I jj& (^ (^iLoLjJ! (jiiwLJIj »l riUII L^j i _i t~ tu uij ijJLiJI L^jJjJSoj 

jL u ,jj» j»^jJI <«JIjlII « >j liu La (jJI iaL^VLi I Jl* .aJUJI dL*ji J£(j a 

£jjuJI Lo-jjjj£j ,j_ c Ja£. (jijJJ Cj'jJljj i4 JjJ CjIjajJ^j AjJaJj (jl uj 

CjLjjJlII Lillj JJlC. iJb JlAj i I JlA JLijijj phij j-ejj-a jl Sjjj ,jjs i_|j Sj Loj 

J>Li. yij . (8 ~ 6) 4175 ^ 2009 j.«...o ^ 4jjjJI JiUatj ajnUTl 

.raJLaJI *L>-jl ' all=c-a jjja ^j-*» ' iSjJ 1934/5 j-se-J j-uiJ >3^1iJI lilD 
(_^ (^LjJI (_,ftltll j .'.ill. 4^oL>. CjLajiJMi (jjo j^J xjjI La jUo; ( _ ;r _3j 

udlj i 'j"i^3 i i '^ «j • ^j 1A] I lilt J^J i. jjU! Lx^. ^J j) i^'i j («ic (JL—se-o 

!_gj)"< i n a (_yl^ (jr^V (J- u ^'-^-'J <*' a'iflil (j^a 4j <"ijfc»-*. LL La3j ajj i n i V I liiljej V I 

.(1 - 14) JjJl^JI J* j^a^A La^.jaJLJI 



J .t.-,ti^«l-.cr UiyjjUSI 'j tj'j'-'" ' a ; "j JadJI Ci¥U«H i j"j"- ■( 1 - 14) JjllwJI 

.2009a 2000 j^UJI jjj U SjlaJI JMi. 2 -'" 4J.UJI ubjaoJb ^alitl 

.(8-6 *->>1jll ^yJ* 51 ^~ --* 1 1 "' 1 ** 1 ■ dJ Lofla I J ; i Jj "j wVLihU ■ a i *■ i ^" j«j) 



upl 



A~A\ 



^lill 



t" 



liJi 



ji juai 






Ji'1" I 



.^i^ji juai 



Sj^iUI oL^i!^^! 



^liJI 



ijjj'Vlj ^Ijji'VI tJLi^l 

^JLt rt iJr ^ uLJI OL4J -^" i 

fcUliJI I , Jil jJI * L ft J K lJ I j 1T ll>jJI . * i nr-T l H 



d nl i ^ i\ 1 1 ■ ** 1 1 t/f^I I 



£>^ 






^iUJi 



d i/l|s. fl li W . " 1 1 1 * n t . " l lj^ l . ,i"rS I 



4j^jLJI jljll 



<ajg ^Lj-jL 



liL, 



. . .1 a\ *»i | l .'1 j ... I I 4_j^jLj -~ _ " La 1 1 jl a.* ■ 1 . 1 j^ 1 
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OjIj i \-AjS i j^jLlJI il^.1^1 jjjj Si S~ ... tl l^j i mil ClLojItU djjua ( _ 7 ^J 
Lai n'flil JjjJI ^jSI l(jjlf I u i a </«JLl1I 4_Lijj_>- ^^jju . U ... ,« (JSji f _■ i ■ •<" 
LiLIjj .^LUI Lt>.^Jjj£i Jl atAJ 4nlt~il,l a-ia-^JjX'llj 3 r,-» ; ll 3Ja ii^Li 

j^j .(2008 - 2000) L^ai ojl«UI JjL-lJI JLu-jJI SjOAJI ,j*ii JMi. 

j ,MU ^ ifl-ljin-Hj LSiij ,(4 - 14) J< ,1,11 ,yS Jj,jJ1 ciUj ^1 LV^f 

L7 1^. ojlj (^Jl\ i^JLULi 5 si.*. 1 1 3_ii5i]|j 2_L^I»II cjLcjjuo^II ^ a ^,^1x11 

. ISl , .. Sj^jJI S^iill J^Li. <UiLtJI (JlibjjjJL) ajyJula 3j~,-» ■ 4^JJ 1000 




JMa- i^irtin^"1.la^UJiajnl»tl^L ; j^aJ|jaj i i-».ill|3ljjSflj_^LJj L , alilli'i ■>. it! 
k-li'\ U ,jAc iJS-ilL a-mir^H uLiLuJI iU'iI) 2008 j 2000 jryaUll jwU Sp-i)l 



• o""» U ^^^l^ Sj^_j^ I j . .. s % ^jLUI La^-^J^ is" i'ii '<->_}£ i LiL 



^iLJl .iLualJal 

^^ic SjjLaJI SjLjp-^JI L^ajjis""!! L^JV tiilij itljj^j jl3- ^jic (jr J.U,lj c> <il«ll 

Lbj (j i s> a. 4-a . t ii"i 1 1 a_jjw jj jJSil I oljiiVill (jjo ^jjS J <4j i_uL-u2l r»ol*Ji 7^-i 

'"'''* I t~Stl ■ jjUI L_t>-jJjjSj ."ilj'S" jj .U" ^ji J^ij Si -»Jj <L3jjj (_y^ 
Lava ■ * ; * ■ -*" ^ J r-LiiVI «Lii uil^j - j j S « ^j jjjiaj ^Jl ^ Sl',^.1 I 4 ^i- I ', ,-»tl 

,_f jf (_g JJI jjjVI >*J ijJIj cjI-»- 1 ill cjLi^oj JL-ai- ^ylc i_jL*jyLi unsVil 

jl Lijj-C j^J («Jj -J i3 (Jj« 4J3j[^jLa jSj aJ <GjJl>- i"il Sj ,U" jls ^j| Jl 

jlj_3JI ^jjtla J ■* jja JjljJlil »l 1". aVI I ' j ■ ^jLill Ij-^jlj'S* ^ Us-wi 
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(jj» j>jji Igif <^"= ""-> cj-iJ' (jO^ll Jlj^l' A 54-3 U JajjjJ ^LjjJo i'i lh (ji 

^ ~>p-Vl 4jujVl Jaiul JI^L 4jJLiiJI CjI_^*jJ.Ij 3jjjU,.,SH oUjjJI 

A U ,V.VI J<J ^c j j ,.',11 1( (_jjUJI jL^alsl)) -n lt-i ir-<a LiA i'is >V"i . nl J^j 

j^Ii,i1Ij cjUaUl j! .4j3 i'Im, "i U-aj . Nano-products SjsjLJI olvTillj 

^ 4jjL*~Jlj "UtLiuaJ! Cjl£j_ill \j-j;£> bjUiu lJ LflJufc !-■•» ■>>! 4jaJLi!l 

7r ji *~> I j . jl in\tl (jja (jr 1 *^ 4-iiLc (Jj"" 1 L7^ '""^J^ (J -4 ^-h*-* 1 ■ in 1 J)j~i-kj 

Ljja-^Jjj-iSl J hjjlj jl i« IN 3.11 jju» 4 nKi 4 n ml JajJjJ ye jjj) JS njil 

(_yilj <."m~»- iaJLlII eLxji JS ,j <a (j-tSlgl uJLI jLkul . l»-» a 1 Ifelc 4 * J ' • "*"' 

.^jLlII i'I1(j"iiii1,I (_jUa {_ya jjhill ■l'"'^ LjL>J L>-ljj 
^jLJi L^aJajC ^-Ajl nl'niVl * 

CjLjtsLLa t^& ijjj-oJI I jufc » IU /> jj^c L^jl£j_iijj 4-ull i ir-tll JjJt-!l C-dJO 

** j ' j j '-*"■ !lj 4-LbfcjJ 1 4-La .". iVI 4_aLcLJ ^J] i_3Jl£j '.j "jkjll 4^aLv 4 ■ -j ■'•■ 

CjUIjJ (jjjjJo ^£- i-iiljj 4 a I ~"U LgjL»-j-=eja jKl> Ij .jjLjJI I x>. jjj X" I 

I jufc (jl (jJaj (j a (^Joiejj . iLajLaJI 4_j^LaJI 4jS!UI (ji jl^ilj plj "^.Vl 

4-iSJ - " (_j st jJ I i_3^~Lll i) J I «4-&L>._4jl» 5j 'I ■ ■■* j I La La (jj» jjjj J^ a I 1" *»l 
5j&J,a jjl i/ia (3^3 iQjU-la- 4^cl o'fwl j«jjfcLsjsj /n ta.i.1 ItjuijJj I JuSG tLx 
.Jlj-aVI (_>-uJJJ («^'_p (_r^ O-^J Lta.jJjX'llj (cJjlII (jic (jj-M^ jl o~i~i 1 n^U 

«JL*JI (jAc jt juiJI Ifljj-w^i i~.IUl j^l 4 jjUoj^VI S^jSLII Cj lAjj Jl3j 

(J mi"i (jjic liUUo audi i-\gjj*- aLI (jjO (_j 1 1 j «~> aoj 5j_j^Jo JUu taj 111L1 
' _ ■ ,.,ls a (_~_jJL»<j ( _ y i (JljjoVI (j-uJJj-J 4j j I uaX I (jylc i j ^ I jLalu ui^rl 4jjL2j 

(9) 
jjjJI 4.JQ Al ."•jj^J.I 3j \l ,^-,aVI ~j ; <tl ilU") CjLuljj lIiJ^I La^ . 4juj_ui 

(_jlc- (_> 'J a 'CjjD (Jjj 3 jl if->"^l «Lu (^yB Lxa.^J^i'C'itlj Aj L*JI 4jjJ3 j_iJJ II 

i4j ^ ...j'ijll (JjjlII ((jjUI LjJ-jJj-i£o )> Juu "J I J 1 4-13- jjj iS"i 1 1 4__3jjJ,l 

. 4j>.juU3 .l_IJ i~jjJ 4jT-J~l^~-m j( I 4jljlj 
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^ jj^fl iJLjt tiiljj jl5 JL3j -r^u^l ClVLaw J^CjJx. ,jl Ju»j 1( »jj Jjj Lajj 

ij»M^VIj ^LtVI i(_yij ojjJLI J;« -"j 1 Jj5c t-»J Sj^a-lj lilj^Q^JLl i_ijl^JI 

Jj J (j^a ilj J ( jj^Ju£.j «j lJ u a* "1 4^__iu 1 860 (j^o jj£| (»3jJI f*>^i 



«%> ill iS^Jlse-a 4__J4JLJ oLsoLoj « I ■■■ rl^JLj (3 - 14 J£ uJU a_JLlII 

(4-14) JSAll uruij . (10) jVjj jLL« 146 y^ 2007 f UJI ^ i^U^ 
S n>> 2008 r UJl i^iLUl oL*iiU ^ 3n1-,vil ollUI oU iyill ..,.„;ll 

(5 - 14) JSLUI J-tisjJ 1 1 ft In IJlA .2£jJSLI 3mm1Vi1I CjVL=tU ijaji^Jj-o 







J 



,/ / 



iSJUB Jjjfl 



^U ,..lj ■ a i^'." ^ J£_jJI) .Ol£j_i2JI 1 ' I l"i t iSJU.1 <|«JbJt u-S^J nn'ijil ^jjj 1*1 » t Ij 

.(10 j-»jli jj «'"■■■" ^j'.i.^^yi cjDLJi (jic IjU^ci 1J1J3I1 
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J0 jl**§ MiH it* *^l«Jl 



: --~" iLuUXIj <U3ljil 



'- — '■" 







4-i J^V I rllJJj iaJjlij 









^i^ljicjI ^•j'lt.i^aAri^.ii^iUjiiiHijii.a-i^aii.i ...•.ii:(4- 14) js_jji 

*,\in'ii ^ JSL^I) .4_ia JSJ i-;JL_J»IJI OVL^d! J_3j S-cj>a s2008 fL-JI ^ 
.(11 j^j-jl' jrf SLaluiil ^j'l.^«.Vi ^jljLuJI ^ylc blo'rl _i!jil iiujljj 




^-ti^_.j-.i-.ii,-.i r --,n j. ^^i-i.n. -ii^ii, -.!._, .» a jj'"' ■ utui;(5 - 14) jt m,ii 

"'-"'""' p"' J g ■"") -iii J^ JUa^Jallt^iYtaJl jflj icj>» ;2008 j»UJI ,^3 ' 3 *jj ■ ■"» »"' 

jJLilt iZiLgCLLa 2UL»aJ fl^ii- Vi title t^j • 
r-ljJVI (^-3 «JyJL>- i_JLjt jK'nIj i4j^jLjJ1 iZil-ir'iiUj «J iJI rLjJLi 
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I fl i M n it j ^.".-s'i (jlj i <UjwjJj) i'C' 1 1 1 gj|^£JLua 4jL»j>. lJ _JLc ir-l jjal 

til! jj ..y.^-.tlj r-ljjy .-iljU. . 2Sl.~.tl 5 ^<n ill 4__ii5lll Jj.^l A-.tl 

^j^LJI jlj LLi 3nU't,l ,« MJ-vljJU a ^1^>JI oik I $olc <-. I ■.*»-»■ 

2000 o^aUJI 05-^ L« Sj^JI J>^ ■' Jj'- <*SUJI L_}»»J»j£iIlj 

. (15 " 12) u\^ 44867 ^1 .2007j 

i^Ull £_I^VI CjUI^-J <^U^1 JJuJI (6 - 14) JSLAJI (jrhSJJ 
jjij La SjJLill J^Li. jjLLIi oL2-ulajj _"^~J ^J '.' d_— SLlL* « j ■ *-» I j ■» ^^js 

.S^iiJI ,_lU3 CjIjJ^ (>a 4_i lj J£ (jjc *£.j>a <2007j 2000 (jryaUJI 

IJ £ ^J 'mill J nil! JJ.<.< . L-» . ..j~ ^ (_j| m-w iJS ^J| I jLft £ya 1 i iS n_lj 

j^tj (^j Ja^sj lS-^'j »»jj_£jdl SjJLill tf jufc ^ (JL)Ulj_JI <_<11j jl J cl 



l_^j '■ ■■• jlj ■ "VI 




1989 2000 2001 2002 2003 2004 2009 2006 2007 2008 

iiwJl 

ijl^liu LT Ic 4£j>>° 3JLUI '^j'j'*" ■^■"'^-" c-ljJLi- VI ijlclj-l JJC :(6 - 14) J&uJI 
(J J £ IjLaIcI ^JlJJII ^'- ■■■'j- a,'^/m ^u JS_jJI) 2007 3 2000 jruUJI ji_j I—a 3j 7 ATI 

.(15 - 1 7 - .. y i j ■■ a a- ■ ■■» 1 :■_, '.1 — y 1 ,-.im ; .ti 
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3jjj_oJI L^jl'y'iioj i _j iLili Lc*._jJjj£l) 3_L_jIjJI '*■! ajjJajJI jl__Lsj (J) S 

Ly ,j n ~v"ij i_3jjj; t^^uiLi aJLlII Jj-S jji i Li] ■■ LAI LuajX. (_y^'j >5j jo'Uj 

:ijJLlJI lLsLUJI ^ LajL>bjJ ^SLaj .3 Ah^.11 . . ...Kil j * j _,-,< 

.4jjUI 4j3jj»J| flLilj Aj^JI <L>JLm - 
pi mhiViII <JL»o| J^Li. jj^a »|»L>JI jljil dJ^ fl~ ml CjVjula ,_) ^m ii t-~i — 
.^jLU! LyxaJaiSu (jr ic 3 aSLaJI 4-iLajelll CjLcI LuaJl ^3 

(2>c ^SLJLI <— <J -~.C Tlj , u 1 1 ^j^j**- -~.~ t! a j a I i ■ ,-» /» j 5* Las Sjl jj — 

.JuJcJ! j_jJaLi*Jlj tljjJI 4j.lf la ^ ■■■— " — 

A ;Uj", , ,.t I i __ > lj|j_a^f!j 4jjjVIj /jiUj ,,.tl 4jtslSLa — 
-lj^>JI CjIjJ mil SsLiS SjLjj jjjJoj — 



. ajLu! CjLlL3j A ^ ' g] a ' <L>uLll 
pcJLua ' *j'-^« 6 La ^ \£L ^Jj ■ * -w 1 1 j i^Ltil jjqj3 Cjl j* *" 3* L& « 3j — 



283 



. L$J Sjj^^ll AjjjjJI l^jIjjIU <L>J1ju>j i4jj"JI 4_>-^La ^& -.<-»~tl — 

■"■' 'J' ■■—'II A^Lcislj i<LrUtL>VI CjLsull, 4_JjljL«JI ■* i^Stl «_flj — 

l^>. jjj i^" T I ^>-3t3 £^J (j^-»- i*lj^JI (^1 i^>i-i 3j-a «L>Jjjl Jj-J XJjLJI (jl 
ajjj"*!' I j^-jtj"C~tl l~j! j '■ "' «^a jjLlII Ll»-jJj-LVj ■*" j'"« .-.*■! »" jj^>. 

lj\J iJi-lJLtJI I ' jl ^jl^ iSA . «2jjj^.II j il'll Ij-^jtjX'm ^ lu*.-. M 

tjj 3jUj U.VI Ijlj Jl"l9 I jj i,_ya *JI ^jj 4_L±! u jlfil (jrl JJJt.jJji's'iH 

Lx>.jJjjSj (ji <u^sL». ** ^j."*" j^j^j ' .' < ^<3<->J> ajjuoULI ,j-jj ' " 

I j< I*. ^ ■ ^jjl ■"■ljiS*.II ( » I |*t ^y» jj'X 1 - ■ -ji iSjjjlLo ■'■! J*S* . <ll"/ 1 1 ^jLill 

<*flj fl uJl SjLjJ - (*^jJJ 3j LjiilLi - ^jJUj I JlAj .Aj^pJI La.jJjrCill 

_j_u^3L> (3-2 o^^-V w * — 1 JjLlIi ' J~fj|j *'.' a .'"j ^ 4jS}L>.VI 3jj Laj>J1 

J" ""'_■ « I « i^l'in L^WJ :(^1^>.J 3_JLJJl>- l03.^Jj i^'l (JSU jjl (_y5 tiJ Lo Vj 

( _ 7 Hll ^uiieJLIj lLiLjJlsuII £ys <J£j<t« Ji-«-> « I 1"'- *" L^».jj 1 1 j*ISjjtt~ 

^jjjJI j^fljJI rLijJ Li^^jJjJSj (JjlIj ■ L^l (^UiiTI (jjiU'll jlLc iljjLso jl^ 

a ^1 i^.*, . ..I ( j£L«j JlLo j-x>- i4^«J_oJI ij^jjJI iaLlaJI .'■! «l i—~. . ..Ij 

.dUJ^ aJVjlII 

=LuoL>JI iaj-UI ^toVlj ' J-'^ 1 (juljill L^xiiaj w SUM! ^j^o |_>-u] * . .'J 

'" -^j^j "^ (j^! - . ' ^ ^"j ^^t> ^ j ^ ** ' j tAji^m ■-■ij^.jij'X-iiij . ~ ■ t j * "■". t 1 1 

. L^j Aj^sLjJI LftjJolitjOj Lgj*ajiaj <L^jjjk L».^J_jjiJ JilJS i<L2l>-^UI 
^ i-nj^jjn SJaLaUlj i^liJIj AajjJlil 3>lir"iU (C-ail 4_aii>-»-a i.'i'h'i J_3j 

UNESCO United Nations Educational .Scientific and Cultural 

t>a Ijji-^. 36 (« Liu l j^ Art'.iia 3 L>J ,_J!>1 i. j— a Organization) 
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The a^^&Jlj 4jJ.ll ^ajLJ.1 cjL^>UV JLiUI Sj^JJI., ■-■ ...«j<ti 
World Commission on the Ethics of Scientific Knowledge and 
jL[l* Jsi .4J9JJI oULSUI ^ ai ...i... jl^c Technology, (COMEST) 

ijja^sUI aLJI jjjj jial 4 IjJ ^ Lfc>»-T (jl£ i(«JL«JI (j^a 4rtl"V a «__JLfllj 

*'>=!* LH 8 USj-la- Ja"-sU 4_l3>L>.V| LLl^SJIj jJoliell jUjI 5 1V1LU lil) jj 

J^Li. jjjs <L&jIjV J" ' ualll S^Xj .dj^UJI jljoll 4j3-jJjj£l!l .-.I S_.jU-.il 

. 4_ajX« (_/U I 4^3 >Ld I 

LfcjLjTj LkjLul SjiiiLLa «_« .Lajujusoj jJoLaJLl tilt 4 jn m~ ^^a 3l~t o" 1,1 

4jJLill 4_oL»JI SjjJ II (jjLaLds ^4^. CjI nil-w ili iiir JL3j . » o"i-»-U ^^^ 

(2003 aL*JI J a j i 1 ■ ■■> a ljr S Cj.l.at'il ^,111 id i^a_a£L!l» CjLcI a"i->-V 

SjJjJI olcl t~ty\ J}L»- iil!Ji£o iJjjI^jJL ((J^jJLw ^J j_jj» djjjua (^ 

2005 aU-I! (jjs (jjjLs (ji cjjlSju! ^ylll <Lg uiAj 4_L*U JujIjJI 4jjL«JI 

aj.l...tl jIjVI jl_»jl 4_Ju3Lia 5_p.^L»-3 aj JjifcJJ .5 i->lll <___►£. j'jij (><=Li. 
jIjlcI ^ ^^ i * «* S . ISu *_a ijjLLil I ■'^jljiC" i-A Sj .U'.t 4_^ijtjJ,l ^lalAillj) 
A „U;« i f I ,U/~ VI JjjlSJ a)HI aLjlII jLLaV JL*J ""'jjjt'j"' d J-J-* J 3jH) Hl»l 
jjuijjLi 3jjjLa ( _ T 3 4-ul i"i" ml 5j__p cillj Jlsu A it-111 ■*' ■ tt£:j .5.>T~U ^aVl 

i«l5jjjJI tiilj 4 mi^LU cdJjj 2006 aUI ^ya ^iJjj^ i JM^- iL^jJu 

a'ai -'-jj Llj^LjJ«~t| jjia u 4_al i'r>Li ■ "■ I g '• ^ JSL—AJi (_ylc ("liju-t i.^m-v 

(jlc. 4jj_pll Sjiliull jliiVlj 3lo'-».U jJolitiLi (3i«JJ iljji^-I^JI jj^ ^joa 
jl ,jSL«j (_,iJI jJolitil lilJj Jl^jI (jj JaJj . 4nl'VU oVLaJll JSi 1— ^jlnjjln") 
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.4j^!VU.| LLaJS - 

.~Li£.L»j»-l LLia~> - 

A * \ [ , >*"a l I A ,Ua — 

.AjjjLUI jl^JLI Toxicology z : -?-< iiLLLa l_.l.u~> - 

SjjjLjJI jljJLl 4j (<* i n" La ^yJI IjJoj i Lus J-*c.J Ijuitj i_iJ9jil jljj JJ 

tljlata 4 ill")- U 4jjjLiJI jlj-«il 4 JJjJLI ^j£. **-j .Ull ■ 4 * I «*i « ^^vljjk — 

rli>-l Lo I jl 1 j'jli-l'a JUajjj Ujjit ~jU_,,„H aJjLauo (_£l J-ifl JUlsJ 
O^LtLilll 4tj iln £ruj I fl ij t Jaj^j (jl l _y^JLil\ ^J\j .A3 J .liilj ^yJJ jjjVI 
0- VJ . L^Lajj i ,,,^j ^t .-jjaill Cj^LcLUL; "ajLL^V! 3_.l...l ...-.II 

. 4-nsL>- ''"J'" 1 ■* I ' "-'• ■ ■■ I (Ji'Li 

L$ia SjyjLv oMjLc j^ia^ ."bjjLill jlj^il 4_L>-L"jyi CjVjulII fl ajjl - 

gj^i^Ub ^ya 4julj 5jjJa>. ^j^- '" JU£. (JZLqj IJLAj . 4^jQ^j 4_i u« djo^aj 

.4_L»5?I ■-■>« i^-,,.,MI iliUI jl^il tiilj 4uLfcj jLuis ^JLC 

jlj-ail 4-r'iil.l JjjJI "nb^i" (_£ jjl JjaKJI rtj'u'll I JtgJ (jl*"" (_H *'>* "~ 

«tc 1 i i n j >4j^SLuliJ| i~ilSj^tt*illj ( _^3lj^a| ^^ j>.I-V"i uij (jjJI ajjjLiJI 

.JjjLUI jLojJI a — l.-f 

(_yJ3 Juu LiJjl m~i aJ u"JI (J^JlII CjL9j5v-v Jo£. CjjJjj 4j_ual (_)j^>.l_j-& — 
JjjJI i'II' lj . jjUJI I j-«.jIj *C".I 4_LoujIajj ^J '"".' 7"^°I>JJ . UU^. *_u»j 

^jic. aJlIILi jj "j tj-Aj «-ioL>- tJjlaJI I Jl^j ^>ji iiiJ jjl ^^fl (_^>J' J^ 

i ?l iiVi i <i (jJS iiJJu^o (^ (jJLUJt ^JjJI Jol uiiJI (^ Ljj£jl uiA (»JlC 

. Ct j^U! (j>2JI 
JjjJI *j I^'i " i_gj II ,_$■>! i^'^VIj ^^.ol^JI (J^aj uJLLi (jl*" 1 o" >■'>* ~ 

(jj <i «' J Luis- 1 Sjl jjj i "LjJ>- jjj i\ 1 1 1 jjuJI Cjljiri" i_i Sj {jC AM-r'i\.\ 

. LjjjL*cjj jjLlJI Ij^-jljiC" a :^x ... jljj (^\-ij l j 'i^ 1 ^j-^-jlj's"ill "j-^-^ll 
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g*jlM* M|» fed >dUil 

CiVUtil (^ jJUJI LjjKjJjiSj cjULaJoI] 3 tT-.ifiiUj 5jlcIjJ! wjllill ojl 

^Vl 4l^J jjLiJI SiJLiJl 'tu^Al ^UiVI £»LJ>JI 'j--\- o? fj}\ 5j-r.r-ill 
United Nations Millennium Development Goals MDGs 5ji_ViU 

i_fll JufcVI (j j <i t"i 1 (_, niLul (Jjjl^j (j-ljl sLii2j£ 201)5 aI all ej^jJLi u 3 

SjL3- (yi < rtjAVillj j.ia«1llj 4 j-qJIILj <UaL>JI 4i!Li]l LloJ>U 5 jjLajVI 

iJjJlII (jjifl ((^j-ilill JlLu) j . ijj aj aJj i^ps^jJU o j_ii]l £j^ 4j^>-Li!l JSL—JliJ.! 
i j j iV^j ^ ^ (jjj i4j£ «JLl1I (_,]! J uOjJ JlL«I ^Jj i JoJiS Lx>-jJjjij 4 « I ii" U 
(j-a JuJLc ,Jj3 (jj» j»L»Ijfc^! (j-a Ij xiS (JLij 3-icljJI 1 j-t.jjjid!l cilJj CjI Jljj 
i l Jjjl^JI hJojIjjjiJ 1 1 liflll i AjJ j i ■». 1 1 Ljjj£ >(_ru^a]l (Jj-a i^^aLill «JLjl!I Jjp 

iSjLiVL jjJLsJI 1 j-«J . SJjJ jj-uMill jjL?<-' J^l JJLCJ ' W>^^° ' lj'"J»_j-^Jj 

_J-lLi!' SjJJ I'iri i i_u (_jjJI ^J^J^J '<V"II CjIjjjJI (jrit 4_ajUi]l '"■' C I '■^tl ji 

i JjJLjJI i'K li J I C-Ugjj 5 U jjj 1 1 lZiLcIm^JI .i_Jj*oJIj JuJLsJI 4^.1 n«-> JlU 

4ajj^Lil CjI JjlLIj SJ^kVI eLcLijus lOljL uJI 4x,l i i<-> t*j millj Jj-iJi 

L>"^3j J^'i^5 '^ uLa 4-lLus 4jH=*o 4 j'* ^ II LulJ r-Ll^o i4 ojjj^jSJ jMj 

(jl < _ T Jl 2_aL^Li I j * . Lajj^jj j^c cUaLJI I lljj j^ju i^rin Jlj «l 



JjjJI tiL&o (^J (_Jj) t~i II L^Sj^Jo (jjj ^jjJI 4jjalill J_JJ !l u^*.» (j— « J I 

3j-<-" -i^^jj ^ ui^UJLI (Jr ^ 4j liiUI (JjJlII 4 n^a ,jj9 ' ■ 1 1 qj La-a i(j ik»H 

, I j"l "-~ ■ a jm i ■"' /_XLc 

J*.l ^ya Jjij uJI iLl^jJjJSJLII oJJb ^ 4j>sLLII UJjJ CjJ »-j JlSj 

.d^LLJIj flLil .4liJI -2- tl diVLtAJ 3SU-.1I I jKI .^.^ £yi ^^ Ja. 

5j ijlv.il JjUlj jl^.1 L4J Jj>la> jL*jJ (!>£■ ^>>*£. ^pJI J^LULI LilL 

r 1 ■ %> S 1 1 ^a SJLjuill a ^ *1 . ..t I ^J| jjjLII! '*■! • ; j;^"'~' i^-^jP o' -">i' O-^J 
^yi (_)-»£. (_^o^fl jj^jjj iJJ >JI tji-a^^ij I tjvj 4JI Ujll 3j &LLa (_,!£. 

. 3_aj.o,*ill I^jLSjjIsu (jic S_«jL5Ji 2j-^.l~*iVlj 5 j*. ■». ,1 1 tZiLijj-iiJLI 
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I ju* i^jjj >JL>JI ajjjjojj ^j ■ k" (JLtjj jJjj ^j^I (j^ 4£jjLlII I j't •»■*■ * * 
jjUI lj-»-jtj'.<~ ' f"' I ■ :-»"■ ^jl je_».jJU j-ai i I JlI .T'toJ VI 4 iiK~i (jr^jiiVi (jr — 1] 
!>Lj u Iflai.tiTt J>L>. /ya liiljj lijjjLlJI jl JlLJI ^ <U».ljjVI SjJL^JI (j o 

~a x~.,..j\ jj^Hij iajj^J) Jj jjl ^_&^JUtfl L^>.^Jj) *<<! • 

4jjjjlII LiljjJ i_il_ ±L <y> (2 - 14) JS! .ill ajflki U^a (oi-j-II ^ '" 

^>£. JL*JU 1 0tfJ 5 fllt'U d-ilaiJI^ 4j«U1l 4_La ijVl <-jLl£. (jJuu V I j & 

(«JLtJI J>>0 J-La i^^JjVI Sj^ilj 4JLs iLiJ u Ij^j La£j . 4_ijjjl!I 1 ".-, ^ U "■ ■■> 

i_<Sljjj jjl -j ■'"" jjjalill (j^iJI (Jjljl (_y^ lQ ;^1 a ^ 1 ; ,,->tl <Gl_^aj ^ 3 

• ja 4-jjjjlII JjjJI (jJ» j j"^ I rfj" — itlj 'LojIxJI 4_La_ij J !j 4_ii2aJI CjLoLoLaVI 
LaLxlAl 5J».ln'U 4j£.LLi^aJI JjjJI UJ>i ^1 oVbtilj pLaU'r ft^l ' '< >" 

(ji^»4) (ji^aVl JU JJL u^jjlII jlUMIj ,^> .oj^SJI i^y ^Jl) 

x_al^j ^j -j ■ ■■'" j^a ^^ Mitllj (_^jL>JI ijij^li (j-a Jj'' jiitll Cj'^j^u J^Li- 
, Ul .r. ', tl ljufc ^JJ lij |-v i"i »i i>nl Ji^j .^jLiJI Lx>.jjj^ iv") j (oJjlJ J-l<u _/JlJ-*J 

ijjI_^j>JI jjlLa n_^j^i.l d ^j^'~' 4jj^£. JjJ i4 i-uiLi JLjcJLI u£ ljr ijjtl\ ""^;" 

4JL^ <*(j-iii (_,!£. I J-4 J J jlj .J^ia uJaj ijjJjVI .^IjLaVI i(_>aJjJ n-J^iil 

(*£.J (_y5 4< t <i~i II ilj Lia.jJj iS" 1 1 jjj 4_in ftLj ^^jlII (jn-sll aIsuu (_ylc J-Jy 
LlISI—ula (JjJ jjLjJI Lx>.jJj iS'i ijljljjl cjuli^jj ij^jjlII jLualsVI ^j_)jljj 

a j^- ■-^tl 4jLc.jJI j£&c^2 cri>*^' O^'j-^' ^ ■'■■J* * (ji uiajj ''';""' ■■■!' 

.4j Sj.Utl oLoJlJJIj 
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4jJI -t <i H ij oJujj La (JS I LiLgj. Jl£ Lijl J_J-*-SI * J^" 1 >-uJ V * . .'J 

LvaLal Jlj La (Jj^iaJL9 p fll I w "'**" .' ^ J^J^' '- ,jk Lr^ L~'"~-'Wj *l «U^ 

Lls-jJjJSu l!iJl»._« J-3j . I * t ill (jjjl AoILxIt 5 , „«1 ;tlj , l2L_iij M-jaJe 
\$"< a •> i S" 1 1 ("jjJLillj 4jJj«JI JjjJI (_j— 5 d ." "** .' ^ '"■! a! y*"! ^u jjLJI 

"U«Utl 2 ouflHI kA>. i-iU il Ji) ^^ .4jI j I'. "\$JI ^J !(_, aLJIj 

LaS i4J3j_*Jjj (0 Ull (jylc- (OjLSJI j I o" cu^l g^Lva '"'jj C.J >4^jj__*-JI 

(jf ^ Jj-ill gjp-J tplpiVI oUIj-ij 4jj£LoJI ijSLUI 4j«i ftl Ojjjl I ^jl 

^j 4j^jLusj 4_^.Ll5. '"'Ij ttj jj-ijyj jl_J <4_tcl_U2l <Ga uul T-Lij j's'i'rj 

SjjLS i , I f ijJ I Lj-iL iij LjSI aUi 4jjjjtJI ^La^/lj . j«JjlII r-LlJjj J J • -~ "-" 

l_£ jjl jJLnJLi Igf I r>>jl (ji in-xl ^yi (JT j^aJLlj tt _g„l -ar~iT1 I jufc 4^-wl^a L7 if. 

La 4J9jjL^a 4_L*jfci (jl ilu i^T^JI iJ £ (jr*^ ra£^ SL1I ^£jLUI ^ ""'_' * *\j 

(JjjJ! (jnti ^^fl ijjLJI Lt>.jJ_4JSj_j (*^V **-2i«J-a 4-Jbtj djo iijt ( j^a jJJU 

ijjjl^jjjj L£_pj oLh! J-" 1 "*° "J* I jj '*' ^ ^ Ailski* ^JS LJ <L*i-liil 

4jjL>Ji 4 j'nrjtl dU ,~WI «^a jl oir->l,l I jufc (^ 4j"i-»- ill l^"U Mill SjjLLaj 
gl'itl 4L i^-» ->. w Lt <UjLall *JU» ■> iTn'i i_5^ tu_J .4_ujjl1I LU-fllaJ-a ^ 3 

cjLjjjjJI ^ ^jLUL 5 si.- II 3 jlstJI jljjVl j JJ ^ J 8 ! 0* 1 1 i Lr A\*}\ 

■uis ■■■; -^a .2008 r LJi "uL^ (^^j 2000 aj_^, jlL» ajuji 2u*i*Jl 
4j<il«ll o^Lfcil ^ys jl il-jIjjlL)Ij |_LulJI cjLLjj ^& 3jj uiiil 3'jj^l '-iil* 

3jj mi) 1,1 iliLajVI JJlC t>u 4 ijLLa (2 - 14) JjJ »JI -t ii=aJ 

L^j i - Xj I iii (_yjJI ijJLill lj-vjJji^~j idc JL-e^a j^ 4jJLL\JI t-jL_jjjJLi 

"Lllaia ^ ~L*~a1^JI ,_Jj i-VI "LLaLlII JjjJI ^ l^sjljJ i4jjjjJI JjJ II 

tj^jsljjl jj^-J La S^lill (J^Li- c^JJ jj i L ljiI SjliJ (^ jl lLj ■ ..jVI ^j jjl 

.2008^2000 
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^t.. ^:.Uj M-.tl Lj-^J^SJ JLjw» ^ ^ olitlJ-j^Jlj-^i>4:(2- 14)Jj-L^JI 

J* j";; ij,li« ^Ajj^ 1 JjJ- 11 5ulL»JI 3u*UJI ^b^olLi <i j1-».;ll JljjVI j_iij 4_aL£ 

.(7 - 5 J-^-ljll jj» alii" i n a uIJUj) . Li-uiiSjli (^S 4^«UIIj ijjhn ijl jj-JJI JjjJI 



Jjj 1 >j-u Li 






d ^ ^L^" \ ' d i * ji * 
(%) 4JUI 


) V"'ll 


ajj-di 


iujJI JjjJI :Vji 


0.18 


0.58 


0.43 


0.300 


589 


j ■-**" 


0.05 


0.18 


0.13 


0.090 


182 


^W 


0.05 


0.17 


0.12 


0.088 


171 


^j 2 


0.04 


0.12 


0.09 


0.060 


122 


VJ^ 1 


0.03 


0.10 


0.07 


0.050 


98 


^ *.M^ • -i" 


0.02 


0.07 


0.06 


0.040 


69 


u^' 


0.01 


0.03 


0.02 


0.02 


32 


li>>-' **>* Jj j 


0.38 


1.25 


0.92 


0.650 


1263 


£j*»il 




a jU...jl ( J|j_JiJ| JjjJI ^yintj : LjIj 




0.76 


1385 


oW 




0.53 


1017 


LS^i 




1.74 


3363 


jjiij^^j 




2.98 


5765 


g j i -> 1 1 




lj.-1 3jLij <j^LU1 J^-jJ' j'" 1 : Lojlii 




18.00 


34825 


t^j-ajl 




12.00 


23217 


J3-*J1 




4.00 


7720 


j^JI 




34.00 


65762 


pjn-yU 



jiij^ j_^. -..a .jUa .ijjj^, .jIjjlII .^zjijUVi .iZ^jSJiy*) 



: ( _ 7 ifc -^ ifl* jj^l 3jlc 111 -- ■ ^>" ,JjLuJI JjJlsJIj <UjJlII CjlJLixll l _^i5tajj 

JL=t^ (^3 - 5Jjj 13 - 3 i \j*l\ JjjJLj (j^Ltll j iliJI j i^a ^Ju - 

^5ej ( _ 7 JLLl1I (jiajJI r-LLJil u& I j" n a! , „ « i',«.1j ■''■j'*- ijjLill Lia-jJjJSj 



.45111^0.65 
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4jjUj 5^ JM»- JL*il I J-* <ya LILc. jj iii.1 ^y^jJI ^nltll rli>VI - 

JiU 4u*k: jljjt j^ jy <Cj—£i U JjLu V .(aSjj 1263) f Ijcl 

jjlc (■<!*) ^=tj w It (^juj Ujjj I j 4 -(^ji 1385) I4 utij SjiAll 

.fiajj 3363) ij ■■■■" 2jjiA)l J5L>- (JjjIj-1-uJ \^j-iZu u^jl\ i3'j_j^' 

i3j£. Jjic ju-o (jl^j (jjJ^ O^JLH*^' J-aLiJI jl irr»JI {y> (*^>^ Lr^ — 
j ■^■*tl 4J| , ,i<_i J)' 1 " 1 .' La j^yfl Jj''j 1 "j Jdlj j^laJI (_jjj_pjl J*^) L4JIJS 

Loj 1 Lijjjl <»jL3J •Lai- IjAI I J^_p (j^- (J>^JJ nil) j (^ (j-*J • j— iLiJI 

JjJ *-a (jjvjjj Z£j 1 1 j ^ oltll (jjl «IJL) (jlt'n Llj^a (jja jI^jjJI I J (jj 

3 * i V, 1 1 SjLili «JL& 

JjjJI (^ ^iLiJI I j-t.yj.l'v") JLjbjj <y3 ^ftltll j jJJI j ij^o p LjjjI - 

Lj_L« ,_jA»j 4a3 i."<^jl u mJ JJI Jl>JI (_, II iL uil 3jLS (j-* Sj^Lt^aJi 

o^jjji J^Li. iaJLlI' ^j" 1 11 1 (j^c 4jjjU liiLajI ^v« JJ) mi i 1 1 ttJj j us M 

. SjjLSJU «_u3j^» 
i'U~ ,_y=>j£- * IjJ (j « 1 SIU« u^jl^II jj <L j«J 4Jl 1 1 ut J j^llll Jjlj 

JLa^o ( _ 7 s 4j"it ill U^_j4^. iLol ^jj^t-ill » Uq jl («i «gll itijj" jj& oLJLuJI 

^j u\ I *4jj^juI i *" fljalja j_ fl ajj JLtj L«_^j .sl.2^5 ^^jJl ijjlxll ' ^ ^ J 'J '^" 

£jlj -^j~ — j II I "j j ■ ■■ < 4Jj-oIjjs Sjjj^-iis j£jl jjl ^j'—j »ll '-M^ < ^ J - 1 >^^ 

I i'iiU'ia (^ jVI IjjjJ (jl L»j u V <4j3.loJV!_a <ja!*JI L)J^4>- i_kcLiaJ 

!j^jj-*-ll (jj>- jjj i\'i 1 1 (JLaeJLI IJL* ( _ T 3 tj* '--> ■-« -»■"■' ^j\_L>-Lij »i olf AjjjjJI 

cjLsjSLs. L^j a^2j (j— III ilaljJI 'jj-^'l i.fll" jLfl < I jjk (_, II isL^oyLij 

j±i ui^-UI ^jU-jo JjJ L&>}LU Jl "j! (j,^ ^I'mTiUj ^ijj^jdl jl j Ul 

l(jl^ljl<->V~l iJ i\ 4IS\-U3*£V} 1 jjLiJI I A9-_jJ_jiijj («lc. (JL%^9 (_y^ aljj) "^ >llj 

i-gj 1 11 lij^jLiJI j j <i"< 1 1 ^-oljjj j^lj^a JJJJU (jyil 4^>.^a Sjyv oLiJI^jjs 

4jl a^jil jj^aj .^Ji^VI (^yic. cLLill j^pi^jJI oljj uJI J^Li. LbjLu (_^ijj 

Lij^a. 3jLj »-a hj^jjjljJLI jj c jIj^jj Jlj^VI ajuk j-^ J '-W "-^J "■ 

LSIoltl 4a£.ljuyij 4jjl£ijVI ol »->*J.I rli>l 3Im^-»- f Liijlj 5^-.-, ,11 

.(C^il (_y^yjJiiJI JUeil I jufc ^ 
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■j\j ijjLill lj-».jlj'X-| . ' 1 1 j '■ ", j aIc ^^jj 4jJ3jjJU Sj^-itl pi ..."il (JLaj 

4-J uJI jljVl jU-^l 0»-l .SLyjUl V>^' Jj J J <^a Irt'iU JU JJI JjJ 

J-Aj > LjJjLaLa i_^£ ^ ■ — • 1 1 »■ ' S~i 1 1 j ^jLUI Ij-^^Ij '^" lIiLoj-lLiJ ^yl^ 4jjjjJU 
J^a (2 - 14) JjJLaJI 4-Ljjlj LojQ <«-C-j-II lt^ •'"— ' "i^_jSLll)> 4-La OjJl»- La 

4jIbtjJI cjL»-jJtil Sj .l.r- T ^La li^aLiJI JjjJI I j ■ ..jl i" 3.vj->. 2ys— . Ji^jLi>Q 
i 8 -...-*. ^(^JLLaJI i^jluitl (jjj i^Jlj Lo JL*J,I I jla ^ 4-l»LJI LUjju ixoLiJI 

Sl^ljta jl i3jl>-Ij S^JJJ (j^- J J'"^J (ioJirelll (»J^- (j^« Lai ^ j";.'^ ' (jJLtJ 
CjL3j-«-LI 3 j *'_>- 1 0' *-i-A I i 'S 1 JJ . 3j.j.« i 3^iS JlLo CjJ^wI (j,Jjl ^J*-'' •— J ' 5B ^' 

Jjjdt (^ ^jLill Ll>- jJj is**jj joic ^& ^nltll litscjJI 3^j uut I jj-^ ij' (j^JI 

Ljjl ■ fc» -■ SI J — ^ - j ■ - ~- 1 1 «Ls-J Lr^ *ii> JL " 2 S U ; 1 1 4jr _J3_j iLaLc 4 xaLill 

^ - i^>>-Vl AaJLtJ! f^al Ifl^-vljj ^1 I a ■■■*'< Zy—.tt ol^jjJLI £* , 

itbLSj 3„ 

3^ j-vl g 1^ mi ^j^jlL! 4^>-jJ.i ^ asp -* 1 1 (Jjjo'iU (J'j* ■ ■■ * i— a *-u» — 

j-"^ (^,3 ,_LaL»JI I JLA >JJLj 3jL>- O-LSj 4__J4jLl)l jt^JLI <_d_Lu9jjj j j ■ '-" ■ 



oJlj La (jSLl ijjLlIl Lt^-jJjjSJjJ jja I ^Slj^a (J-"^ "-"l-J (jr^ ," ' ""* ' ""' *"M* 

.(i^LJI jljliJIj Aoj^juII jljlLJI (jja^jf^^yfl 4 a^ll <i*i a 5 K mi 1,1 

ijjj-ritl ,Jja-»J j^ (_>ol iJI JL»£.Vl frlUaj CjI^j ijJI jjj '-j'^ - 

oL>.jJeJLI i^—a SjLflj ujVI j»JLC_j i^JUJt Ljjw^Jj X"i i 5 i^>L>JI 4 oaLJI 

. (j^xliajjl cl oltll 4jiLsejJI 
Li^w^jj iS") j f 1^* (ji ^j> iniiTf'll (2^li>.LiJlj »1 alt!l _^SIJJ >i— C ~ 

4_aL>-_jJI i) i_ iLj ,jja iJLscJLI I Jl_A ^jJJ <Uouuela >^ ^-^ (Jj^-^J 'J '"^^ 

. .Vj.i.-v. j_4 U, i(4^a^ltj «_JL3jjl» 3^jl i n a (_L->-l (j^a L«j>J J* «4jjajjl^Vl 
^JJ-»ja (*C--i (_yJ3 jjLUI Lt>-jJjjSj (^jj—j (jl (jS'aj La (^ i '\& ijijJI — 

Ji-lj Sjolf <ija-*J (>» i^j^fcJ Laj (jJoil J-aiaJJ jlj-3l iIjIjj^I |»JL£. - 
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. Jls-I^JI jj^-ill T^j-f (J-»-*JI SjiLaj ■_ iljf — 
.<jry^.LJI (jr. H>ii.Vlj fljLiVI iiLflj ujL£ - 

4nUll,l 5 jWjll 3_La ijVl ^ j»Jl2jJLI ^JL&JI Jj^ (^1 Jjiitll SjJtj* - 

. \ a ii * i i L^ i & ajl il l 1 i-^. ^ 1 * >x ■ i 

^ . ■ .\ . ..VI pji«"TI jj^lj^o 

(ji^alil i al ■-»"■* ■ 2uj»LlJ! JjjJI (^ (_, «I«1I ■ 1 ■ — • II » v*« «_jK Ijl — 

: ( _ T A jy»- 4jMj jya oUaxJI i'II'i (^ic i.,U~ill oLJl tj^'v'ij 

jjLlII L±»^jJjjS[jJ <lc (JLscjs ^^3 j^viaLiJI ^rli>.LjJtj e. I n I «.l I A f»-JJ — 

Jji»- jLxjj u 3 (joUJI a^LsI liij r'LiJj d jW ill j« AJ^». _^j^>j u,— 1} 

ilj Ul£ i( J£l U14 jj-3 f«#Jj-> < *^-l>» U f* I iNIj jK'.iVI ■ Jj-~" i4__L*]£. 

4$!^ mi II ( _ k dUJI JUcVl fUnS «-iJtatj JjjJI dLfc (^3 (>1».LJI ^L^ - 
(j-sixJIj mJj! uauSVI .JjJj-U i-lil J SjL_>JI 4j'it ill »jjl jJLI Jj»-4J (j^ 



3j^.LuaJI i_jjjj»JI jl i5 oJlSjII JLa uJI JjJ *-a ^jjJI ^jl »ijl - 

m£JL>.J 4_JjjJI ASjI ji-II eJJb JL»JJ .(jjjljll (<u^j 4 j"i > j >ljj1 mi a ij*~ ^^3 
iSjIotU ■' ll j;J~" <l iSS' ■ - * ijr 1 -^ <^M- '— ' ^ *~ T 1 <j£ iuoLkJI CjLJVI <«j»? 
( _ 7 ^JI ijjLJI lj-^jlj'^~ * jjl im (Jjj n~l 4a.jJ,l gj^jS -»J I /o^ijjl (jisLiiejIj 

. LgtLfljjU c i "~" La LJLc. 

3Lp.Laii a^f U'ufcVl (Zilj-jajJl • 

Ll>.jJj i^"i 1 1 j Ajl*Ji ^ I] 4jjjajj ^jJjdl f <i"i *»• 1 1 (HjftLLa Cjj j t"i , Lai 
lii^JliJI (ju 4^5'LiJI i * i ■» 1 1 n Lfl i^jj mi<II (jj-iJI ' gjualLa jjjo IjjJj*. \j^iu 
LAjJbjjv ( _ r 3 J '" ■ <* 1 J^j S '.J 4^^Lz i« h'ttIIj Ll>-^Jj is* 1 1 J - ' * ' ' 

i.'itiXI Aaj . ji-VI (jdt «j»>jl».I J^c (jSLoj V i-ij-r i La^a >LaLCjj LlajljJ 

LuaJ,l dj'^jTj A" 1 1 Cjlja—Lalil 4 4 .*A^ *t i AaLtiu 4_a^L>JI .~il ^ . .t^'ii 
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4 o.lii" jl Irtfl tjt^ajj » <i"-»- a (_£? jufcjjl ^ Juo p j j "' ^^ji 4_i__j_u-ijjJ I JjoIjjiJI 
4_l2jlII 4jC.I h~-vVI ."ilj jj»"tl jj^j jjj^sLLI (jj/JjJ 4_JjC CjJj La lj_A -tfj «jj 

JJL>* <cLLlaJI J •* Lc j ■-«/• ^p» If ju «i j/-1'..^«Uj 4jjLl^>JI oIjj ill 

iiMiJI Qi>^' JM^- 4jj iJI L^jjtg <i <_^i]l (XhSJI 4^,1;. nil olj^ilLj 

idj^asJI I .ijw^Jj '&' 1 1 j 4jjljaJI 4 m li^jll 3jj jj i~i-^p (^^Jlj 4 jxbULI 

I 1J^ ■!"■' (j"ij» ) LJj La (jjJI CjLaaLtU .*^J^J iv'j ,-iVl , ViVI 3jjj dUjoj 

, a»jJI w ~~ > - 4jcL»i>-VI SLpJI (_y^ LaAjjjLjj 

jj 
-^J^J 'X'llj a j 1 1 1 1 * • -- I ■ -> 1 1 4_jxU1v VI i*iIj^j»"Ii 4jSLjjsLijJ Juuj 

«JLl)Ij 4jj^jl1I I LljJ ^ ( _ r ai.VI ( _ T icj .ij-aLill jl J LJI CjI « n"i-y n w a 

jflhilLij » »i~-vll iaLajj ^j uxli L^loLpjV till jj 3,iiita ^jl^ i?^ 8 ^ mVI 

4_iLajJI 3jlii\ JjU j.V.S. Vj .2_j$j_aJU JuILfllJIj CjIjLJIj 4__u=.L»1>.VI 
Jj ,Jtai_9 Lul « o~i-v «i ( _ 7 i£. 4j^,j|j*X"i1I t^jljjiiJ « <i~ -r U 3 il ■».*■ ...I ■ 4 v-» j"JjJL 1 

(^JJ LjjJaJ La I jLs . 4jjLaia ' • ■ ■■ *■ ■ (jSUj i4j£ aJLlII CjI « <i"itt a ^Lj iZu Ljjjl 

CjIj-ljJlj iljljL>- J ^jjjl j«__!L»Jl CjI «a*i-ir a ( _ T fl 4_)jilaJ,l Ay*JU ,-»lj 'All 
L^jl '->'■■■'» ..-il'al A'XVIj CiLc.ljji.VI ^jic Sj'-;' 4jcI n'i'vlj 4j>-jjjj£j 

i^ Laivl aliaj ^! 4j>-L>. ^1 Ijjaj diljj .4L»i» <Luxj IjJ a ■■■■lU'i jla 

JaLajVl JjJuQj JjU (^Ldl i~. \aJt ^Jl .^.In'a jl »lj nj^c. jl ^j i 

»JuJL». oljjljj jl_*jl 4JjL*_aj t4jaltll dljjUJ 4 ■ -- I ■ - H 4j£.L»i>.VI 

cjLa^LtJI f I 2jJ . U ^. . v» (jit I uiLu>) (»^5j ^^ii-l jJI 4JSLuij ^~j ■ 



.4oa1*JI cjlal mm^VIj 4j*.^J^SjJI oljjiLI 4^1^11 <uc !«'->. VI 

OjL£ jlj ijjiij i_3jjj( 4-i£.l a~i-wVI olj jji'ill ujuk (jLa JL>JI 4 tjjU ij 

Ll>- jjj i\"t j jjUJi Lxa.^Jj) *i\~i Jj i j j" LaJUC (JJ Jj-4__ii (JS, ilijj l 3 ar I 3jJ nil 

J& JJ>»Vl CjL^i (j—Lc (jj; .W lj i^jUJI (j>5JI crS urJj^ 1 ^i'^'t l 
L _ptjJ 4j! Ju^bJI J^jj -£-*^ raJLxJI ^ ijjLualflVlj 4jcI u^ill dLcLLaill 
^jic _jjUI Ij-«-j1j''^" .'il Sj ,U".I d , ^ I , ^ 1 1 Cj I j j j «~i 1 1 iJjuk («jj (jl Sjj^-iJaJLi 

(^j IjJaj i-dJjj i<LajL_uJl ^j'* I * ■->" tljljjijl i l^c 4j i.'iai (_$ jJI eLuxAj iU« ^ ill 

'" J JJ""' ^J> J^>-^> ' J ' * j"' ^yJI 4J_aj-II j^a j ^y jJLdJ I j^jljiv'.ll ^jla )« j-aJ 

»'j^« ui)LjjJ JLiol (Jj^la jc 3 .,w* ... 1 1 5 /- I ; . ^ 1 1 j^i (jjj 4^ejjJu 
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., ^ j J " ' *j"' ' "N I 4u^3>nJI faJLaj! Cil « i" J ~- * j^ylaju La-a ** ■*"»- N"' A J 

(_>Aaj i <ilV*i ^3 (ja£~t 3 j j U -»J I ijl j i^ljJI («J^£JI i^jLaJI (jri^jl "J -iS} 

j»jj! 4jic (jr A Loj cLusjjVIj i4jjJjJI L^-jJji'v'ill aJ-A SLiSl^a {j£. JjjJI 

L3_jj-«j N fl '" Lljn*> LglaJcJ Laj3 i4al»J.I Lgj| ->-~i i a j-jj-LaJ ^^ 4j£.jJ! ^J-C-J 

./«julII f Lvjl » ji*^ (j-a L^jJJ <La_sLSJI 4jojLlII « 1 miH (juiajjil 43-jjjLo 

-t'J^J ' "^ * "' ■*"'"' <jt-^ 4ji2HJI CjljjLdJI CjjuI i,_Ll2 ( jj9 LJ^Sj I ai 

i^jLjjj-^-j ^'j'"'^ ' . • *~ N " ^ (J!M->- (j-° SjLU (jyit 3 "ijj^. 1 <Lu3L>JI ijjLzll 

JLxjj ijjjdl '"'I aaSL> 4 lajA> CjjLiI t Jlj Jjv ,JS__iIij I j .'j"j"' 3jl__ clj 
4j»1Ij jj^a Jl*j jij aJ aJLlII ,jl i4 uoL>. -(jjjll *_»1»JU -il>3lj jj—jjJI 

c La I ■»-! I jl»*i (ji^.1 oy>- ly/5 *L»JI (^ «jLajlj uil» ^_«jj-a Ly js iS.i% La 

£j\ i ilt (_gj_aijl ^r-ia-stl Ol mt- ) ' • «*\I"1I ^ya 4 i^ «i i 4i_^La ^jl\ 4 Lusjj 

CjLuIS ^jjl**-' ■ a ' j' Mj>*-i d ^J '^ a (_tJ1 ^Ij '■ J>a (j— — a L^iajj i(jlj j»Jlj 

4 j I a « U wjLxUI eJJt (j^Lcl jlil JlSj ■ 5j.j n"i a 4_i'm-v 4jSjjj »"i a""i 3ju_L>. 

* (>>j j^Jj 3 j <» t.1 JjjJI CjLojSl^. Lcj La-a iSrtjir CjljLa'i'ilj t l^j.it VjL>. 
4jlsI^)I ilU'i-mU'il > \9.t_laljtJLI Ji.lj,jji>.LJI 4_j^jfcj UJa—jljjL^ 

i4aiLfljJ!j <LmJjl!I 4 3lj«il-»-j 4^jl^Ia » ja. - *- 1 ^jdl j» a"i y 1 1 <jl AJI (_^ 

4jjISL!I jlj^J 4j liti- ijJl>JI (JA-«J ^JLUI Lu>^aJjj£!j ^1 (jjj h ij /o^3 I jJ 

CjLijISJJ 4jJjj>J| CjLuSjJJI (jr £ ( _ t ju3^ CjjJL>-j iiuuijl (3" 3 - 1 tr^ I j mii i 
4iji^jL« (jS3 («J 5_ujl». '*" ul£ jjjj 4_ic a sk u J& La^a i Lg-Lu J«a_L>JI_a 
3^£LII cr^ 3LpJl ( jijjLj Ls-« i L^jJajj^j^ I jj^ 4 ifljjll i.i« m" i(J-J-£ l j-« 

.fLLaJlj jLajJJ Sj^jjVl 
Jaj-^aJ Ij ^tuj>>LiJI 4j3-_jj (j- 4 (Jj.V II >— iLajSL>- 4-i a_jjj La jLLsl L7 — Sj 
1 4 j'l T 1 1 1 p glto uul {6X.JlJ 4 HT l>» CjI Jjl^JJU r«^jlj^.l jl .SjL—j AgjLc 

• jjLiJ.I_j 3U ,V. VI (jlc 4j»o»JI I j ■»■ ^Jj-X" 1 1 j jjUl tL»ic. j-J^jJ i i in'il 
Cj_oj_J j )JI 3j^>-Ij iSjUJl>JI ^ j j La II j ±&\ ajj\ ^~Lu] JJe-! 4^jvjJ,I 4 j"i f i II 

aIjjVI ^£. j£A\ ' ^-Ot 4JL»Js JSI ■ -jj Jj u. jLsjIj .j»L«3.Vl ^joJiLi 
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^ysjji l _yi£j^£ j^>Oj 4"»^l£Laj £j\]oju-iA\ j->--5 <_}^»l (j-« tAJJj t l _pa\jj* % x\j 

<4^>JI oUjISJI ■*■! 'j~ ■ 3jU«U cjIj^LUI 2L^,jU>» ^ Vjj oil j$ • j-ff" 

. < . a l a« 11 4ja -4 _ L ^J[l \_i£. 

i 3jj mi r 1 1 (ii_j^tjjl ^jLuj iljLajIt oil 4jjL»jVI olg.j.iwy.U >l.\ Vnul jjlSLalj 
(jjs .Vj.l-v (Jj*- * j ■ ■ -»"' ( _ 7 ^ I j <i j hjj 4jiijSj 4jjjLJI jljJLI j ,;'**•'"'.' 4__j_oL>JI 

(_^jl (_yjLfl ixjJaljjJSLjJ ^ ■ ^>^» .*.tl ^j~ i ii 1,1 ( _ y l£.j.<lji iJLva L^palj(_,iij<i->- 

i~il t -^ jtj'X'Tl ^£ LfljLjj Jj j^, LaS t I d. J Cj^" ' '*'"*'"'*' 9^ * ajLjl Li^> aj oJSj 
i_3j_tu (_£ jJI ^yiilaJI jJaiJI jl i^jlj • LgJ j^ 36 ^' il^ * '■"I*-" L7 lll ^j^-VI 

• (Jj2?l j»L3JLl L7 ^ i_£jl i-»"i«l jU^ jjft lijjaLiJIj ^j j ^ A 1 1 i_jjj jJI 4^>-ljj 

IjJaj jl-** jj» V i4j^jLlil i~il^*.*l lj i~il»j^l I p -»■->- j^yfl J^laJLI JljIjjJI (jj 

LuLcLuaJi ^ LjJ 4.^-V,!^ Ls$-u< Jl>o ijS^L^ uiVI CjL*IiU »'H") <jf (^Jj 

n (jr *js (jj ^ i*i-%. I j .tfjljufclj ^^j^jlII (JULI i_flljJj u/l (jrJJJ I JlAj i4jj^jlII 

i^iLalLa ^J ilUiJI ijjjVlj j_.alS.tl <U3 Jj— "■"■ mJ JJI n_cj^ill a^jJI i-iil J 

Ajj^LLa «JLxII <_,£ j^upj tiLI Jjj ijjLfl J£ VI Lk^l^ai » _i tn~ uj V .SjjjLj 

Lol ■ ^ '• « H La». <L«jJllj 3<I*.A1I ^^IjjuVI (jj r-^Ltll -- • ■ -«_■'«» i4j25L>.I ^j£. 
)<LjjLii5jJI ^jaLijLlI ^^JoLijj ^jLuaJLi l-~"N (*flj^* a |- Ij ^^11 l ^y a (jrL i-,jJLI 
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JjVl J^aiJl^l^A 

j >^-<* ^s 4jajLStj l^J.1 Ujjj/^^jjh 4_aJ£ Jo-ol <_3-A 4 o JS 1 1 0JLA tj^Sj 1 — 4-ij ( 1 ) 

(jjldjj <U >ic-mU LJLo^.1 jl j_±i_i-aJI ^J a La 1 1 !_JjJjG ^jJojjlj - Lj •"■ V I j j i in" 1 
d T LaJI 4jj^£. j-i! I 4 — iUi ^^9 ^J-ijJ -A^ UJ^ ^OJ • ^° l^^ — "• tl>' — "* 

4_LfljjX."^lj 4_)^uaJL1 <y\ j i 1 1 i * II ^jCjLja^JI (j"V (*^L^N ^-IjAj^U 4 3tjj_! 

. 4jjjL»JI SjlUI ^u^jalJS ^ Ji-JuJ tllli Jjlj UJ^J ' a * * U-b'.H9 till JjT 

.(^Hl ^ 4iU (>. t j^) 100/1 = cm y,nj-.;,„ll (2) 
.(yil ^ .jji ^a «j^) 1000/1 = mm /i<nH,l 

.(/ai <>« o,^ (>« *^) 100000/1 = ^m y^j^-ai 

.(^Xl {y» jLL. ,>« ,>.) 1 000000000/ l=nm >l«^,Lji 

iijj « ~ >j -»- ifljjjJLI juuaLlaJI oljj j JLloI t j^->.jj,tj^1l j m"ic 3jj I «~) (3) 

.y^L 0.1^! j^ijii 

(5) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 
Vol.51 (2003) pp. 1481-1492. 

^l^rn^ll 1978 f UJI 3 fj^l jjuJI .ia^l ^U ^ ^l^l\ . lL;r »U]l 
<i_ii".< ^'a .'ii'\j i :.« ^j < ^..jj'.jU'.j jj~*^ iii 3 a ^j".' * <^ .132.131 

aJLc 31 ...I... ,„ K^. jlj'.C", II CjLjJjxj »L«i t— IjjJI » sjlj-lc G>] jjl_i^aJI 

.25 , 11 oi-r^nii .1982 r uii .59 j^ji .a^i 
.159 152- ol^uJi .2009 ^ .607 ^i jj^ji 

SjJalS «jSJl! AjjILUI SjLalJI I^^-L^ r-uV' • fljj lL Irn-a _)><^J jLlu-zi (8) 

JJmJI <L7 <I«II - Laiil O—j^SLII 4 i.inij-a - ^nltll >JLajJI iiajj ,4j^i"ll 

.33-25 oU^u^i .2009 ^^i .66 

.J.LJI j^^il (9) 
: uy JLi]l f-a>LI SjLjj r>isl .JjsKJI 5^dL>JLI ^^aj SdjjJ (10) 
http://www.aps.org/publications/apsnews/200012/history.cfm 
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(11) Binning. G. and H. Rohrer, Helvetica Physica Acta, Vol. 55 
(1982) pp. 726-735. 

(12) Eric Drexler, Proc. Natl. Acad. Sci. USA, Vol. 78 (1981) pp. 
5275-5278. 

(13) M. Sherif El-Eskandarany, Satoru Ishihara, Wei Zhang and A. 
Inoue, Met. Trans.36 A (2005) pp. 141-147. 

(14) http://wvvw.zurich.ibm.com/nano/themes_history.html 



.iaLli ^lj jljll ^=\$=- 3 "'j-V (_, ~< »J l»JJI rfdtJI liilj ^Jk jl^il (ftl^. (1) 

5ji.il , i.VI |»j)i«JI ,_yJ! (cLlII I Jl4> JjJLs- j I T i"i j . ^y-slj-iJI illlj (jr; i ■■ -^"i (jfl 

Newtonian Mechanicsa^iu^ji isl^islj.i ^b ajaj^ui .^^ 

John Bolton and Others: Classical Physics of Matter, Institute of 
Physics Publishing, London, UK (2000). P 62-73. 

4_ii_o^LiII t j-a _>Jj£ *L* i_ul <3jJtx-» fftTt^U ^jLill S^£.J <____jJS (jr ij^flJ V fo] 

*~< y -r * > iX __j1J_L___£I ^J) __ol (-ZLlI 4_L4ii*JI a^jIjL>»j!j (JjI^VI ^LoIaJIj 

^ t_ilj£ 4_iJLIa-fl j^Jj *4jjloU1 4jljjVI ^jju-iJI J^L>- 4jj iIljJI 3j-j <^-a 

: JH->- tj3>" ^"""^ 

.288 ^1 261 l j_x. .-. i-.;.~i i.1999 r UJl 168 ^_3j jjuJI . JM_^ 
. ojjSLJI iljj - i_)IjVIj oj-^'j isLiilJ t^ls^l (jul>ll j-iLUI 
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43btjl J.c-fc.a^ 1906 fUJ! cb^Jl ^JB Jj^, a^ibw «Jj ,„«^L» JL> (4) 
tS *JJ J J" J -d '"' ft * LflUj^j ^o Co i lJi^ L^pj^jua >■ jj 1 (JJ'^i 

j^jii^ij-o^^^.^ .1906 r UJi L ^ T ^-j 1901 fL^ji ^L.i_ituai 
http://nobelprizes.com/nobel 

^ioS 4jl iij ( j*a n \tr>$ £_Li1 L*jJ3 JpLs-Jl 3j ^.j ^i a i i"i i aJ I Lo ^j— a (5) 

(^lll iSjjJI j^j Jjr>-jJI (^ Lo ji i^-iV <ui>.l jjl <UJjJI i_jj£^j aUsj i>v— J 

< rt'll CjIjI JLo ^yJA i$}^3- 75-J — uujj j j iS j L^-l^a (3 J ' CjLoj l^>. L^oJl ^-JJl>o 

Sljufc ^jlil Lijj^ !_yS a j -T i 1 1 jfl V rril («Jaj 1 >VJ ' W^'j- 1 J.y- 

.l_lUSjl IjUb (_aJjjl 4 l-l r nlj-i JS Mill 1 j ff i~) j j"J1 uaj f«J fOj 

<jr& JiJ^ 5 _>— 51* (jt^ J*^>- «l— i>^' (<^ t»J3 _>^ — ^ crJUl («_JU. (7) 
jj—u-Vl JjjLi^JI 31C ^a C^-^JU^ .1918 ^l «JI ^L^o^JI 

(jLuiJ j i^if * ujlojl (jj^JI uWi C> *iLUl ^j lit fl (JjU>JI r» ~^- ■■-*• I. M"»* 

jjkl^liJIj iIjMS; ill J£ Ja. ^ '» 4/Cj ^MiUI «Li>jiJI 5 _,al i,^„ 

C^ij-c: 3 U !■*»■ SjjJojJ 41c.Lu.a J^Lv ,^ys iii_JJo lijjljj-LaJij 4_jjjSJI 

(jx. -4j-» ia^jtlj . jJLli! aIc jj^I ul ,n" ^jjJ! j«iJl l£/il£ja * uLi 

,>. 268 ^jJ! 4 .-rn.^lt ^ ^^UaVI -^-^; Ij>T oSJI ^UJI liik 

^jLill La! . Ji^>iill I jla L) ic«lj-A (j a oJ-'J'' <Jj! ^' 3 (<^>ll j-^-^II 

:4JLJI t*ljll o*l ^ J->LUVI 

Max Planck, Scientific Autobiography and OtherPapers. Philosophical 

Library, New York, 1949. 
Nobel Lectures , Physics 1 90 1 - 1 92 1 , Elsevier Publishing Company, 

Amsterdam, 1967. 

JLoJI CjLuIsIjjJIj t.\ J^taJi («JLu i_k_j^juJI ^JJ 4__>.L>. yi Li ■■■ 1 (8) 

aL*JI s.uj^AJ! i _ =r J3 (Jj^-* 53->L>- i inU. tjj|"(nt!jl OjjJl jj) inj^J^qJl 

^J LLfc^j—iiji jjityiSUj.oulUJI j—jl^aJI ^ L-a^j 1921 
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A M k* *l | A^j L) 4^ AOlX I <Gj>^J ^>£. ^ ■ •• " ' ' <\1 '"' • '• ' * I 4-lZiS ^J "■] I J lj£ 

iJjSLxl (cilljyj ,_pi£Lo)> ^yjb^-uiJI («JLaJI L^ie mijJ Lg ijijjil ^^ojl aSDI 

i^ji uJ.1 (jitj .51ijlj>JI sL^xill r>^> ^ Jj^l ijjIjJI >«■ L" 

j^Lj <_iIj£LII ! Jj«i"ill jl jjlII {_yi *-L*Ia.l (*JL^.J <-S$ nil/3 4JI Liui 

. i ^* ■ -^ "*■" I la ' ■■» Vj 1 1 ^£j LdJ I ^4 (JS 4_La * j""' - -j* ■ l^ . .. ■ * ' tj i . .. Lj 

Albert Einstein, The World as I see it. A division of Lyle Stuart Inc, 
New Jersey, The U.S.A. (1949) . 

^ ^U^n .2000 r UJl 264 (.^l jjuJI -L^J^iJl ^kjjio. (^ 
-^.l^lju^lja ^H^^I 1 _ H A ? J.I J ^,UJl,203< J -li 173 

nULUi J"^*' (jiutijA 

(1) G. Bums, Solid State Physics Academic Press ,San Diego ,1985. 

(2) C. Kittel, Introduction to Solid State Physics, 7th ed., John Wiley 
& Sons, Inc., New York, 1996. 

(3) K. Boer, ed., Semiconductor Physics, Vols.l and 2, Wiley, New 
York, 2001. 

William D. Callister, Jr, Fundamentals of Materials Science and 
Engineering, John Wiley & Sons, Inc., New York, 2001, ISBN 

0-471-39551, pp. 30-75. 
M. Sherif El-Eskandarany, Materials Science: An Introduction, 
DAR AL-FIKR AL-ARABI, Cairo 1999, ISBN 977-19-9716-5, 

pp.35-62. 
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(j^jlKja Jjj iij <_3jjia jl 4 _i-vjL>. CjIj jt"a j_£l ilj so <«_J La (5) 

.^j^-ij 5jL» o^ 1 Jj-" iJ' LUjjLfl ^ jjli U .-aMli-V! I JlA 'S/aJ (6) 
(7) M. Sherif El-Eskandarany, Journal of Nanoparticles, Vol. 2 
(2009) 14-22. 

. u l "iS 1 1 1.X& L_aJJ_fi 4 la ■ ul_4j jJS-ilJI JLlojjj f* j i fagaJ aj (o J 
Ujjjj L^jljj JJJJJ ,^3 4__iSjjjiVl jtjJU ii|aJ ui (^lc £}LLsVI jjji JlijI (9) 

M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater., Vol. 

51 (2003) pp 45 19-4532. 
(10) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 

Vol.51 (2003) pp. 1481-1492. 

. jl»j j_ijj («J ^,^11 l_>LjSLI1 Ijla i_kJJI 3 /it ill jjLill i_i_yijl ^ (11) 

.4j^ nil Sjisli £_3Jl! S_i_^Li!l djLojJI I^jljJuS J)}\ c-ttJ; i J-g-r-a (12) 

^o^jSl 166 JJmJI .^nltll aJlSIIJ OjoSLII 5 j ., - (jr »l«JI - Loll I ibc^o 

.33 25-^1*^*11.2009 

(13) M. Sherif. El-Eskandarany J. of Alloys Comp. Vol. 391 (2005) 
pp. 228-235. 

(14) Michael U. Niemann, et al,. Nanomaterials for Hydrogen Storage 
Applications: A Review. Journal of Nanomaterials. Vol. 10 (2008) 

Article ID 950967, pp. 1-9. 

(15) Nam-Jung Kim et al., Current Applied Physics. Vol. 9 (2009) 
pp. 643-646. 

jjljjt Jmrttl (ji^tjA 
(^L=. £}U=>VI aM J a (jj^ -^ ■Q'li^V'iU till j£j (A 'gtl C^jl SU ( 1 ) 

I JLv I^jjS (,^-^J (OllflJl «. jj-oi^i^JI |fc -^ (j-* -^J^W ^ J '" ^ t ■ ("i^ll J >■! 

yjj ^LJI »j».jJ,I JjJj . ^_>>-i CiLiij jl 4_u^jl3Li i— )j" < » a jj* La I j i ajj 
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Raymond A. Higgins, The Properties of Engineering Materials. 
Edward Arnold Publishing, Inc, London, U.K. (2004), ISBN 0-340- 
60033-0. P. 230-382. 

jl£ j .^:.ll 4 ^",11 aJLaJI lt 1j3 jjuta 4 oi£ jl L&i£ Li I n'c I III 

^yiill AjjiajJVI j irVir jj£. aJVj^ ij^iill ajjiaaJVI jJLAa i}Ha Jj-i> 

*_ii I U->- J^ljJ' (jr^ I J-*J • 3j^>sL»ll LjjLo. (^ <LoJ-i-"i cull A£LjL uj 

jLu^»I ^^3 <£jjl f IjJ («J cJue-uaJlj c_j — jSLJI £y& j-u£ ur^*- tl tj tit. 4 ±& 

LLa jjIj «*-jI "J I Ll^>JI ^j-^oj ^^s Luajl «_5j '"-j"*- <7u£bjuaJI (jr 4 *-uJLI 

»LiJ 4_jiiJI a_ij inlall SJLsJI ,j c. JJ;«"'H LJJluqJ Ls I j] 4JI Jj >1 (jl 

jljXIj ^l^jtJIj i~^lj — u^l (j-* 4 ir>jl V"t jlaj tAjjio^JVI (*L>- (j£J_a I « 

.AjjiajJVI jlfl ^ji ■■■'' (jl JU >Lfl i4jUj£^ ' -j<j" (ji iLjJjJI ^jji-VI 
^ J>>->U |>juajjVl j»L»- i^JI ajLiVI 5jn,„'ll <j^a (jisjiJI ,jl£ I jj Lai 

Ju^_ul£l t j-a L_ulj_ui ^yl^. (^^xj>m 'jj' *»jtVI jj <_u£l ^ 'j* (ji^. 4«jjUtl 

j! dJL>JI «Jl* 3 LUa njaSLJj uJlj j»jjJLui!lj JL)JL»JI JLa ,_£j i*l 

■ * ' ** ■ <jl jj .»-.!! j^£. ^j^a 4 )L^ I JJ . AjjiaaJ VI ;»L>- J I (jJu^a 4ja m> 

'LSj'j^Lj <ji>d^-" J^-<»JjJI (jr^ ^J-^ J 1 (Jih^W j»jjiajJ^/l ^J — «^a 

■ Jj.^j-.M e^Jj -jj"--jl^l Ju t^l jV tiLl jj l 4_iJLii*ll i_alla Lii! j ,jV 

I jLa !_$jjl li. L^iij .Jjj^ajlII Jj> AjjjjjjJVI jJi (jj» (JjSjJI ^yli. I j & 

Jill (ji i!5jL5JI li^dj^ l£>* ^ 5«(j->L" o»LlII» <_pLi" Jill j»Lol Jjtij 

■ A i j A j 4jljuj*>3 CjLa uu ' * il- ^ t ^^a /a^j-o^ ^vljljj^ <_j] ^j^LlJI ■ ^ ' ■ ^j Lus 
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